Section 2
Technology Effectiveness Analysis

Thissection addressesthe effectiveness of Soil Rescueas
observed duringthedemonstration of thetechnol ogy at the
selected sites at the CRPAC. Section 2.1 describes the
predemonstration activitiesthat |ead tothe sel ection of the
two locationsfor the demonstration; Section 2.2 presents
theactivitiesconducted duringthedemonstration, including
the establishment of experimental units at each
demonstration site, and the collection of untreated and
treated soil samples; Section 2.3 describesthe laboratory
analytical and statistical methods used to evaluate
demonstration objectives; Section 2.4 presents results of
thedemonstration; and Section 2.5 providesasummary of
resultsobtainedfromtheanalysisof quality control samples
that were collected during the demonstration.

2.1 PREDEMONSTRATION ACTIVITIES

Predemondtrati onactivitiesincluded preliminary sampling
at four candidate locations, followed by selection of two
demonstrations sites. In March 1998, site personnel
collected soil samples from four locations that had been
identified by OEPA as potential demonstration sites.
Three of the locations were at pottery factories, and the
other location was at aformer trailer park that had been
constructed on property contaminated with pottery wastes.
At all four locations, field measurements of total lead
concentrations were made with an x-ray fluorescence
(XRF) analyzer, and additional sampleswerecollectedfor
laboratory analysis of total lead, leachable lead (by the
TCLP and SPLP), and soil lead bioaccessibility (by the
SIVM). Table 2-1 presents the highest concentrations of
lead measured at each of the four locations. The highest
concentrations of lead measured in the field by XRF
analyzersarehigher thanthosemeasuredinthel aboratory
because samples for laboratory measurements were not
collected at exact locations where the highest field
concentrations of lead were detected. As Table 2-1
indicates, the two locations selected for the SITE
demondtrationweretheinactivepottery factoryinRoseville,
Ohio, andthetrailer park, alsoin Roseville. Theprincipa

reasonsfor the selection of theinactive pottery factory in
Roseville were that it appeared to have higher
concentrations of lead than any of the other locationsand
it was more readily accessible than the other pottery
factories. The trailer park was selected for the SITE
demonstration primarily because use of that site would
allow eva uation of the Soil Rescuetechnology at sitesat
which concentrationsof leadin soil werelower thanthose
a the pottery factories. At the time the selection was
made, there was some concern that the concentrations of
lead at thetrailer park might be too low becausethey did
not exceed 400 mg/kg, the residential preliminary
remediation goal (PRG) for lead established by EPA
(EPA 2000). However, previousfield sampling conducted
by OEPA with XRF anayzers had indicated that total
concentrations of lead in the soil at the trailer park were
well above 400 mg/kg.

2.2 DEMONSTRATION ACTIVITIES

Section 2.2.1 discussesdemonstration activitiesthat were
conducted before treatment. Sections 2.2.2 and 2.2.3,
respectively, provide detailed descriptions of the
demonstration activities that were conducted during and
after the demonstration.

2.2.1 Activities Before Treatment

SITE personnel identified atotal of 10 experimental units
at the trailer park, and only one experimental unit at the
inactive pottery factory. All the experimental units were
identified through application of the provisions of a
judgmental plan based on knowledge of the site and total
lead measurements taken with afield XRF.

SITE Program personnel removed the vegetation (sod)
fromtheexperimenta units. Tofacilitatethehomogenization
of the soil and the collection of samples, thesoil intheten
experimental units at the trailer park was mixed with a
gardentiller toadepth of approximately 6inches. Thesoil



Table 2-1.
Sampling Activities

Summary of Maximum Concentrations of Lead Observed During Predemonstration

Maximum Lead Concentrations®
Total Total Leachable | Leachable
Field Laboratory | via TCLP via SPLP Bioaccessible
Site Name and Location (mg/kg) (mg/kg) (mg/L) (mg/L) via SIVM (%)
Trailer Park, Roseville,
Ohio? 300 134 32.0 <0.50 47
Inactive Pottery Factory,
Roseville, Ohio? 23,100 8,170 48.6 <0.50 31
Active Pottery Factory,
Roseville, Ohio 14,500 1,080 57.9 <0.50 42
Inactive Pottery Factory,
Crooksville, Ohio 2,654 793 77.1 <0.50 76

SIVM= simplified in-vitro method).

the SITE demonstration.

'The results reported represent the maximum concentrations detected, rather than a single sample
from any one location. Total lead measurements in the field were made with XRF analyzers; total
lead measurements in the laboratory were made by nitric acid digestion (SW-846 3050B). TCLP
= toxicity characteristic leaching procedure; SPLP = synthetic precipitation leaching procedure;

2The trailer park and the inactive pottery factory, both located in Roseville, Ohio, were selected for

intheoneexperimental unit at theinactive pottery factory
washomogeni zed by mixing soil withabackhoetoadepth
of 6inches. The 10 experimental unitsin thetrailer park
were assigned letters (C,G,K,L,M,N,0,Q,R,T), as was
the experimental unit adjacent to the inactive pottery
factory (U). Each of the 10 units in the trailer park
measured 5 feet wide by 5 feet long, and the single unit at
the inactive pottery factory unit measured 3 feet wide by
6feetlong. Thedepth of thedemonstrationinall unitswas
limited to the upper 6 inches of soil. Figure2-1 showsthe
locations of the experimental unitsat thetrailer park, and
Figure 2-2 shows the l ocation of the experimental unit at
the inactive pottery factory.

To establish the conditions present beforethe application
of Soil Rescue, soil samples were collected from each
experimental unit. However, the samples were collected
differently atthetwolocations. Atthetrailer park, composite
sampleswere collected from each of the 10 experimental
units; at the inactive pottery factory, five grab samples
werecollectedfromthesingleexperimental unit. Specific
sampling procedures are described below for the trailer
park and the inactive pottery factory.

The composite soil samplesfor each experimental unit at
thetrailer park were prepared by collecting an aliquot of
soil from each corner and from the middle of the
experimental unit, asFigure 2-1 shows. Each aliquot was

placed in astainless-steel bow! (approximate volume: 64
ounces) with a stainless steel spoon or trowel. The
technology was not to be evaluated for its ability to treat
pottery chips; therefore, the soil samples were screened
throughabrass3/8-inchsieveintoaplastic 5-gallonbucket
toremove pottery chipsfromthesamples. Particleslarger
than 3/8inchwerereturned tothestainlesssteel bowl, and
thepercentageof theparticles, onthebasisof volume, that
did not passthrough the sievewas estimated and recorded
inthelogbook. Thecompasite samplewashand-mixedin
the bucket with a stainless-steel spoon for one minute
before the sample containers were filled. After mixing,
fractionsfor thevariousanalyseswere prepared by filling
the sample containers with the composited soil. Field
duplicate samples were collected from two of the
experimental units at the trailer park.

The five grab soil samples collected from the single
experimental unit at the inactive pottery factory were
collected before treatment from each corner and thefrom
middle of the experimental unit, as shown in the inset
diagram on Figure 2-2. Each grab soil samplewas placed
inaseparatestainless-steel bow! (approximatevolume: 64
ounces) with a stainless-steel spoon or trowel. The grab
soil samplewassieved through abrass 3/8-inch sieveinto
a plastic 5-gallon bucket. Particles larger than 3/8 inch
werereturnedtothestainl esssted bowl, andthepercentage
of the particles, on the basis of volume, that did not pass
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through the sieve was estimated and recorded in the
logbook. Each grab samplewas hand-mixedinthe bucket
with a stainless-steel spoon for one minute before the
sample containers were filled. The grab samples from
variouslocationswerenot composited. Onefield duplicate
samplewas collected from one of the grab soil samplesin
one of the sampling buckets.

2.2.2 Treatment Activities

After completingtheactivitiesdescribedin Section2.2.1,
Star Organics, using a pressurized wand, applied Soil
Rescue to the soil in each experimental unit to a depth of
two feet.

2.2.3 Activities After Treatment

SITE personnel eval uated theeffectivenessof thetreatment
by collectingand analyzing soil sampl esafter thetechnol ogy
was applied and comparing the data from those samples
with the data on the untreated soil. Soil samples were
collected from the experimental units treated with Soil
Rescue after a minimum of 72 hours after treatment.
Sampling of treated soils at the trailer park consisted of
collecting and compositing five soil aliquots from each
experimental unitinthesamemannerinwhichthesamples
of untreated soil were collected. At the inactive pottery
factory, grab samplesof treated soilswere collected from
the single experimental unit in the same manner inwhich
the samples of untreated soil were collected, except that
nine grab samples were collected instead of five (see
Figure 2-2) to obtain amore preci seestimate of thetreated
sample mean.

2.3 LABORATORY ANALYTICAL AND

STATISTICAL METHODS

The SITE program samples collected during the
demonstrationwereanalyzed by methodsdescribedinthe
QAPP approved by EPA (Tetra Tech EM Inc. [Tetra
Tech] 1998). Statistical analyses were performed on
selected analytical datato demonstratewhether thecriteria
set forth in the primary and secondary objectives were
met. Thefollowing section presentsabrief description of
the analytical procedures and statistical methods used to
evaluate the samples that were collected during the
demonstration.

2.3.1 Laboratory Analytical Methods

Several analytical methods were used to evaluate the
project objectives on the basis of the specific analyses of
interest and theminimum detectabl econcentrationsneeded

12

to achieve the project objectives. Whenever possible,
methods approved by EPA were selected to analyze the
soil samples collected during the demonstration. The
followingreferenceswereusedin performingthestandard
analytical procedures approved by EPA:

o EPA. 1996. Test Methodsfor Evaluating Solid Waste,
Physical/Chemical Methods, Laboratory Manual,
Volume 1A through 1C and Field Manual, Volume 2,
SW-846, Third Edition, Update I11. EPA Document
Control No 955-001-00000-1. Office of Solid Waste
Washington, DC, December. (For convenience,
analytical methods from this reference are referred
to as SW-846, followed by their respective analytical
method number.)

e EPA. 1983. Methodsfor Chemical Analysisof Water
and Wastes, EPA—600/4-79-020 and subsequent
EPA-600/4-technical additions. Environmental
Monitoring and Support Laboratory, Cincinnati, Ohio.
(For convenience, analytical methods from this
reference are referred to as MCAWW followed by
their respective analytical method number.)

When standard methods were not available, or when the
standard methodsdid not meet theproject objectives, other
published methodswere used to analyze the soil samples.
The nonstandard methods were evaluated and approved
for use by EPA NRMRL before the soil samples were
analyzed. Table2-2liststhe parameters, matrices, method
references, and method titlesfor the analytical laboratory
procedures used to evaluate the SITE demonstration
samples. Brief descriptions of the extraction procedures,
lead analytical procedures, and nonstandard analytical
proceduresused inthedemonstration are provided bel ow.

Standard Extraction Procedures

Three standard extraction procedures approved by EPA
were used to analyze soil samples to determine the
concentrations of lead that will leach under various
conditions — the TCLP, the MEP, and the SPLP. The
TCLPisusedtodeterminethemobility of contaminantsin
solidsand multiphasewaste; it simul atestheinitial leaching
that awastewould undergoinasanitary landfill. TheM EP
wasdesignedtosimulateboththeinitial and thesubsequent
leaching that a waste would undergo in an improperly
designed sanitary landfill, whereit would be subjected to
prolonged exposure to acid precipitation. The SPLP is
designedtosimulatetheinitial |eachingthat awastewould
undergoif it weredisposed of inamonofill, whereitwould
be subjectedtoexposureto acid precipitation (EPA 1996).
The multiphase steps in performing the extraction
procedures are described below.



Table 2-2. Analytical Laboratory Methods

Parameter Matrix Method Reference Title of Method
Toxicity Characteristic Leaching
TCLP Lead Soil SW-846 1311 Procedure
In Vitro Method for Determination of

Soil Lead Bioaccessibility Soil SIVM (SBRC 1998) Lead and Arsenic Bioaccessibility
MEP Lead Sail SW-846 1320 Multiple Extraction procedure

Standard Operating Procedure
Lead Speciation by Scanning for Metal Speciation (University | Standard Operating Procedure for
Electron Microscopy Soil of Colorado 1998) Metal Speciation (Draft)

Sequential Extraction

Procedure for the Speciation of
Lead Speciation by Sequential Particulate Trace Metals Sequential Extraction Procedure for the
Soil Serial Extractions Soil (Tessier 1979) Speciation of Particulate Trace Metals
Eh Soil SW-846 9045C Soil and Waste pH
pH Sail SW-846 9045C Soil and Waste pH

Soil Sampling and Methods of

Analysis (Canadian Society of | Exchangeable Cations and Effective
CEC Soil Soil Science 1993) CEC by the BaCl2 Method

Environment Canada Method
Acid Neutralization Capacity Soil No. 7 Acid Neutralization Capacity

Total Lead using Nitric Acid
Digestion

Plants, Water, Filters

SW-846 30508B, followed by
SW-846 6010B

Acid Digestion of Sediments, Sludges,
and Soils,

Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES)

Method 1664: N-Hexane Extractable
Material (HEM) and Silica Gel Treated
N-Hexane Extractable Material (SGT-
HEM) by Extraction and Gravimetry
(Oil and Grease and Total Petroleum

Oil and Grease Soil EPA Method 1664 Hydrocarbons)
Microwave Assisted Acid Digestion of
Siliceous and Organically Based
Total Lead SW-846 3052, followed by SW- | Matrices, Inductively Coupled Plasma-
Hydrofluoric Acid Digestion Soil 846 6010B Atomic Emission Spectrometry
Synthetic Precipitation Leaching
Procedure
SPLP Lead Soil SW-846 1312
Determination of Inorganic Anions by
lon Chromatography
Phosphates Soil SW-846 9056
Soil Sampling and Methods of
Analysis (Canadian Society of
Humic and Fulvic Acid Soil Soil Science, 1993) Soil Humus Fractions
Standard Classification of Soils for
Engineering Purposes (Unified Soil
Soil Classification Soil ASTM D2487-93 Classification System)
Volatile Organic Compounds by Gas
VOCs Soil SW-846 8260B Chromatograph/Mass Spectrometry
Semivolatile Organic Compounds by
Gas Chromatography/Mass
Spectrometry: Capillary Column
SVOCs Soil SW-846 8270C Technique
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The basic steps in performing the extraction procedures
are:

» Determine the appropriate solution by reviewing
preliminary analyses of the soil’s solid content and
pH of the soil

* Prepare the appropriate extraction fluid (consisting
of one or more concentrated acids, depending on the
procedure), diluted with distilled deionized water

» Place a specified quantity of the soil sample in an
extraction vessel with a predetermined quantity of
extraction fluid

* Rotatethevessd at the specified rotations per minute
(rpm) for the appropriate amount of time (18 to 24
hours)

» Maintain thetemperature as described in the methods

e Separate the material by filtering the content of the
vessel through aglassfiber filter

* Anayzetheresulting liquid for lead concentrations of
lead by the procedures set forth in SW-846 methods
3050B and 6010B

Extraction Procedure for Bioaccessible Lead

The extraction procedure for soil lead bioaccessibility is
presented in the SIVM. The steps in the procedure are:

e Air dry the soil sample, grind it with a mortar and
pestle, and sieve it with alessthan 250 microns (um)
seve

» Analyzethesamplefor total lead using aX RF analyzer

e Add the sample to an aqueous extraction fluid

consisting of deionized water, glycine as a buffer,
and concentrated hydrochloric acid

* Maintain the sample and extraction fluid at a pH of
1.50, + 0.05, and tumble both in awater bath at 37°C
for one hour, using amodified TCLP apparatus

e Collect 15 milliliters (mL) of extract from the
extraction vessel into a 20-cubic-centimeter syringe
and filter through a 0.45-micrometer (um) cellulose
acetate disk filter into a 15-mL polypropylene
centrifuge tube

» Analyzethe filtered extract for lead using ICP-AES
according to SW-846 Method 6010B

Table 2-3 summarizes the acids used in extraction fluids
and other operational parameters of the extraction
procedures.

Lead Speciation by Scanning Electron
Microscopy

The percent frequency of various lead species (hereafter
referredto aslead phases) in soil samplesbeforeand after
treatment was determined by application of the meta
speciation procedure developed by Dr. John Drexler
(University of Colorado 1998). The procedure uses an
electron microprobe (EMP) technique to determine the
frequency of occurrence of metal-bearing phases in soil
samples.

The EMP used for this analysis is equipped with four
wavelength dispersive spectrometers (WDS), an energy
dispersive spectrometer (EDS), a backscatter electron
imaging (BEI) detector for taking photomicrographs, and
adata processing system. Two of the spectrometerswere
equipped with synthetic “ pseudocrystals’ that have been
developed recently for WDS applications. The
pseudocrystals are known aslayered dispersive el ements
(LDE). The materials are composed of alternating layers
of boron and molybdenum of varying thicknessesand are
designedtooptimizetheseparationof individual wave engths
inthex-ray characteristic radiation spectrum. Thefirst of

Table 2-3.  Summary of Extraction Procedures
Method Extraction Fluid pH of Fluid Temperature Time of Extraction
TCLP Acetic acid 4.93 £ 0.05 23°C + 2°C 18 + 2 hours
MEP (first extract) Acetic acid 50+0.2 20°C - 40°C 24 hours
MEP (second through
ninth extracts) Sulfuric and nitric acids 3.0+0.2 20°C - 40°C 24 hours
SPLP Sulfuric and nitric acids 4.20 + 0.05 23°C £ 2°C 18 + 2 hours
SIVM Hycrochloric acid 1.50 + 0.05 37°C 1 hour
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thematerial sto be produced for WD Sapplications(L DE-
1) was used in one of the spectrometers for the
determination of oxygen. Another spectrometer was
equippedwith aL DE designed to detect carbon (LDE-C).

Lead speciation was determined by using the EMP to
perform point counts on the samples. Point counting isa
method of determiningthevolumefractionsof constituent
phasesinasamplefromtherelativeareas, asmeasured on
aplanar surface. The EMP analyzes a sample on apoint-
by-point basisto determine how much of agiven phaseis
present in asample. The point counts were performed by
crossing each sample from left to right and from top to
bottom with the electron beam. The amount of vertica
movement for crossing dependson themagnificationused
and the size of the cathode-ray tube. In all cases, the
movement waskept toaminimum sothat no portion of the
sample was missed. Two magnification settings were
used for each sample, one ranging from 40 to 100 X and
the other ranging from 300 to 600 X. The second
magnification allowed the identification of the smallest
identifiable phases (1 to 2 um). The precision of the EMP
|ead speciationdatawasdetermined fromduplicateanaysis
performed every 20 samples.

Lead Speciation by Sequential Extractions

The lead phasesin the soil samplesfrom both siteswere
identified by applicationof Tessier’ ssequential extraction
procedure(Tessier 1979). Thesoil sampleswereanalyzed
by the Laboratory for Environmental and Geological
Studies at the University of Colorado, Boulder.

Thesoil sampleswereair-dried, ground withamortar and
pestle, and sievedtolessthan 250 um. Theprocedure uses
sequentia chemical extractionswith different reagentsto
determine the concentration of lead that partitions into
each of several discrete metal phases. The phasesinclude
exchangeablelead, lead bound to carbonates, lead bound
toiron oxide, lead bound to manganese oxide, lead bound
to organic matter, and residual lead. Approximately one
gramof thesamplealiquot (dried weight) wasused for the
initial extraction. The reagent used to extract the
exchangeabl elead phasewasmagnesiumchloride(MgCl.)
at apH of 7.0. For the second extraction, a solution of
sodium acetate and acetic acid at apH of 5.0 was used to
extract the lead bound to carbonates. For the third
extraction, ahydroxyl amine hydrochloridein 25 percent
acetic acid (pH ~ 2) solution was used to extract the lead
bound to iron and manganese oxides. For the fourth
extraction, hot hydrogen peroxidein anitric acid solution
and subsequently ammonium acetate were used to extract
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thelead bound to organic matter. For thefinal extraction,
asolutionof hydrofluoricand perchloricacid solutionwas
used to extract the lead bound to primary and secondary
minerals (the residual phase).

Oxidation-Reduction Potential

The soil sampleswere prepared for determining Ehusing
the sample preparation procedures set forth in SW-846
M ethod 9045C. The method consisted of preparation of a
soil suspension by adding 20 mL of reagent water to 20
gramsof soil. Themixturewascoveredandstirredfor five
minutes. Thesoil suspensionwasallowedto standfor one
hour toallow most of the suspended clay to settleout of the
suspension. The Eh then was measured according to
American Society for TestingandMaterials(ASTM) Test
Method D1498-93, “Standard Practice for Oxidation-
Reduction Potential of Water.” A meter capable of
reading millivolts (mV) with areferenceelectrodeand an
oxidation-reduction electrode was used to take the
measurements. The meter first was allowed to warm up
for two to three hours before measurements were taken.
After the meter was checked for sensitivity and the
electrodes were washed with deionized water, the
electrodeswere placed into the sample. Whilethe sample
was agitated with amagnetic stir bar, successive portions
of thesampl eweremeasured until two successiveportions
differed by no more than 10 mV.

pH

ThepH wasevaluated by application of theprocedures set
forthin SW-846 Method 9045C. Themethod consi sted of
the preparation of a soil suspension by adding 20 mL of
reagent water to 20 grams of soil. The mixture was
covered and stirred for five minutes. The soil suspension
was allowed to stand for one hour to allow most of the
suspended clay to settleout of the suspension. A pH meter
was allowed to warm up for two to three hours before
measurements were taken. After the meter was checked
for sengitivity and the electrodes were washed with
deionized water, the electrodes were placed in the clear
supernatant portion of the sample. If the temperature of
the sample differed by more than 2EC from that of the
buffer solution, the pH values measured were corrected
for the temperature difference.

Cation Exchange Capacity

One sample from the untreated and treated soil samples
from each sitewas sel ected for evaluation of CEC, which
was determined by the barium chloride (BaCl,) method.
TheBaCl, method providesarapid meansof determining



the exchangeable cations and the “effective” CEC of a
widerangeof soil types. By that method, CECiscal cul ated
asthesum of exchangeablecations(Ca, Mg, K, Na, Al, Fe,
and Mn). The procedure consisted of thefollowing steps:

» Thesoil ssmplewasair-dried, ground using amortar
and pestle, and sieved to less than 250 pm

e Approximately 0.5 gram of soil was placed into a50-
mL centrifuge tube with 30.0 mL of 0.1 molar BaCl,,,
and the mixture was shaken slowly on an end-over
end shaker at 15 rpm for 2 hours

» Themixturewas centrifuged for 15 minutes, and the
supernatant portion was filtered through a Whatman
No. 41 filter paper

» Thecationswere analyzed with an atomic absorption
spectrophotometer

Acid Neutralization Capacity

Theacidneutralization capacity of thesoil wasdetermined
by application of Environment CanadaMethodNo. 7. The
soil samplewasair-dried, ground usingamortar and pestle,
andsievedtolessthan 250 um. Theamount of neutralizing
bases, including carbonates, was then determined by
treating each samplewith aknown excessof standardized
hydrochloric acid. The sample and acid were heated to
allow compl etion of thereaction between the acid reagent
and the neutraizers in the soil sample. The calcium
carbonate equivalent of the sample was obtained by
determining the amount of unconsumed acid by titration
with standardized sodium hydroxide.

Lead Analytical Procedures

Two procedures were used to determine the lead
concentrationsin the soil. One analytical procedure used
anitric acid solution to measure all but the most stable
forms of lead in the sample, and the other procedure used
hydrofluoric acid to measureall of thelead inthe sample.
The nitric acid digestion procedure involved digesting
approximately onegramof soil withasolutionof nitricacid,
hydrogen peroxide, and hydrochloric acid. The mixture
was heated to 95°C, + 5°C, for approximately two hours.
Thedigestate wasfiltered through Whatman No. 41 filter
paper into a flask and analyzed for lead ICP-AES, as
described in SW-846 Method 6010B.

Thehydrofluoricaciddigestion procedureinvolved heating
approximately one gram of soil in a solution containing
nitric and hydrofluoric acids to 180°C, + 5°C, for
approximately 9.5 minutes. The digestate was filtered
through Whatman No. 41 filter paper into aflask, and the
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filtrate was analyzed for lead by ICP-AES, as described
in SW-846 M ethod 6010B.

Soil Classification

Soil classification consisted of determiningtheparticlesize
distribution, liquid limit, and plasticity index of the soil
samples. That information was used to classify the soil
accordingtobasicsoil group, assigning agroup symbol and
name. The particle size distribution was determined by
sievingthedried soil samplesthroughaseriesof sievesand
determiningthepercentage by weight that wasretained on
thesieves. Theliquidlimitisthewater content (measured
as percent moisture) at which atrapezoidal groove cutin
moist soil (in aspecial cup) closes after being tapped 25
timeson ahard rubber plate. Theplastic limitisthewater
content at whichthe soil breaksapart whenrolled by hand
into threads of 1/8-inch diameter. The plasticity index is
determined by first determiningtheliquidandplasticlimits
and then subtracting theplasticlimit fromtheliquidlimit.

Humic and Fulvic Acids

Humic and fulvic acids were extracted from the soil
samples and quantified through the use of a sodium
hydroxidesolution, asdescribed bel ow:

e Airdry 15gof sail, grind it to less than 250 um, and
placeitin a250-mL plastic centrifuge bottle

e Add 150 mL of 0.5 molar hydrochloric acid, let the
mixture sit for one hour, and then centrifugeit for 15
minutes and discard the supernatant portion

e Add 150 mL of deionized water to the centrifuge
bottle and mix it to wash the soil of remaining acid,;
centrifuge again for 15 minutes and discard the
supernatant portion

e Add 150 mL of 0.5 molar sodium hydroxide to the
centrifuge bottle and flush the head space with
oxygen-free nitrogen gas

* Place the bottle on an end-over-end shaker for 18
hours

e Centrifuge the mixture for 15 minutes, decant the
supernatant portion, and separate that portion into the
humic and fulvic fractions by acidifying the extract to
apH of 1.5; the precipitateisthe humic acid fraction,
and the supernatant portionisthe fulvic acid fraction

2.3.2 Statistical Methods

This section provides a brief overview of the statistical
methodsthat wereused to evaluatethedatafromthe SITE
demonstration. The methods included assessing the



distribution of sample data and calculating specific
parametric and distribution-free statistics.

2.3.2.1 Determination of the Distributions of
the Sample Data

A preliminary assessment of distribution of data was
conducted to determine the approximate statistical
distributionof thesampledatawhen parametrichypothesis
tests were performed. For the evaluation of the data
collectedfor theprimary and secondary objectives, sample
datadistributionsweredeterminedby thefoll owing methods:
(1) common graphical procedures, including histograms,
box-plots, stem-and-leaf plots, and quartile-quartileplots,
and (2) formal testing procedures, such as the Shapiro-
Wilk test statistic, to determine whether a given data set
exhibitsanormal distribution.

2.3.2.2 Parametric and Distribution-Free Test
Statistics

Various testing procedures were employed to determine
whether there were any significant differences between
concentrationsof lead and concentrationsof other analytes
of interest in the treated soil and the untreated soil. Table
2-4summarizesthestati stical proceduresusedinevaluating
theanalytical resultsassociated with each of theobjectives
of the SITE demonstration. As the table shows, al the
parametric statistical proceduresusedto evaluatethedata
from the demonstration involved the Student’s t-tests.
Paired Student t-tests were conducted on data collected
from the trailer park, and unpaired Student t-tests were
required on data from the pottery factory because of the
unequal sizes of samples of treated and untreated soils
fromthat|ocation (seeFigure2-2). Inaddition, theformula
for the Student’ st-test was adjusted for eval uation of P2,
because the estimator used for that objective (percent
reduction of percent bioavail ablel ead) requiredmanipul ation
toavoidthecreation of aCauchy (nonnormal) distribution,
which cannot be evaluated by a Student’s t-test. Data
points obtained from thetrailer park for evaluation of P2
(sufficient datafromthepottery factory werenot available
for applicationof ameaningful Student’ st-testfor evaluation
of P2) were evaluated in a paired Student’ st-tests, using
thefollowingformula:

yi=Xi—Xi , yn= 2 yi/n ,and S%= (yi-ym?/(n-1)
i=1 i=1

where xti and xui represent the ith observations about

treated and untreated soils, n represents the sample size,

yi represents the calculated difference between the ith

observations, ym represents the arithmetic mean of the
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calculated differences, and Sy? represents the calculated
variance.

Thecalculation resultsinthefollowing t-test statistic:
_ym

(S%) In
whichfollowsat-distributionwithn-1degreesof freedom.

The test then can be used to determine whether the
observed mean difference varies significantly from O.

The formula used for testing for a 100(1-r0 ) percent
reduction in the arithmetic mean contaminant levels
between normally distributed (paired) dataon treated and
untreated soils for P2 was:

Cr=Cr-Cu(l-ro) where Cr= Y xa/n and Cu= Y xu/n

i=1 i=1
where xth and xuh represent the ith observations about
the treated and untreated soils, n represents the sample
size, C,and C represent the arithmetic mean of
observations about the treated and untreated soils, r,
representstheproportionality reductionfactor (for example,
if testing for a 25 percent reduction, r,= 0.25), and C,
represents the computed test statistic. The variance for
the estimate was calculated as follows:

Var (Cr) =[Sr® + (1-r0)?Su? -2(1-r0)Sur]/n

whereS?and S ? represent thecal cul ated samplevariance
for the treated and untreated soils, §;; represents the
calculated sample covariance between the soils, and the
term Var( ) symbolizes “the variance of.” However, the
following more convenient cal culation wasapplied tothe
individual, paired observations:

n

,and S% =Y (yi—ym)®/(n-1)

i=1

yi = le—(l—rO)Xuj , Ym= Eylln
i=1

whereall termsaredefined asbefore, sinceit canbeeasily
shown that: R R
yn=Cr and S,® =Var(Cr).

That calculation resulted inthefollowing t-test statitic:
(S$°)/n

whichfollowsat-distributionwithn-1degreesof freedom.

Bootstrapresamplinganaysis, adistribution-freeanalysis,
wasperformed when assumptionsabout thedistribution of
the sample data were not met. Bootstrap resampling was
used to estimate means, confidenceintervals, or construct
hypothesis tests. Bootstrap resampling techniques also



Table 2-4.

Summary of Statistical Procedures Used to Evaluate Each of the Objectives of the Demonstration

Objective

Test Method/ Test Variable

Statistical Method/Acceptance Criterion for
Meeting the Objective

P1: Determine whether leachable lead in
soil can be reduced to concentrations that
comply with the alternative UTS for
contaminated soil that are codified at 40
CFR part 268.49%.

TCLP/Mean concentration of lead in extract
(mglL)

Student’s t-test formula at the 0.05 level of
significance/Mean concentration of the
treated soil must be less than 7.5 mg/L or
90 percent of the mean concentration in
untreated soil, whichever is the higher
value.

P2: Determine whether the portion of total
lead in soil that is “bioaccessible,” as
measured by an experimental method, can
be reduced by at least 25 percent?.

SIVM/Mean percentage of total lead
extracted by the method

Student's t-test formula at the 0.05 level of
significance/Mean percentage of total lead
in the extract from the treated soil must be
at least 25 percent lower than the mean
percentage of total lead in the extract from
the untreated soil.

S1: Evaluate the long-term chemical
stability of the treated soil.

MEP/Mean lead concentration in each
extract (mg/L)

Review of test results/Concentrations of all
extracts from the treated soils must be lower
than 5 mg/L (a nominal concentration that
would be expected to meet or exceed
cleanup goals at some sites).

SEM lead speciation/Percent distribution of
lead among various lead phases?®

Review of test results/Percent frequencies
of more soluble and less soluble phases of
lead in the treated and untreated soils must
be lower and higher, respectively.

Sequential extraction/Mean concentration of
lead in each phase (mg/L)

Student’s t-test formula at the 0.05 level of
significance/Mean concentrations of the
more soluble and less soluble phases of
lead in the treated and untreated soils must
be lower and higher, respectively.

Student’s t-test formula at the 0.05 level of
significance/Mean Eh of the treated soil
must be lower than that of the untreated

Eh (mV) soil.
Student’s t-test formula at the 0.05 level of
significance/Mean pH of the treated soil
must be higher than that of the untreated
pH soil and 7.0.

CEC/Milliequivalents per gram (meq/g)

Review of test results/CEC must be
increased, as indicated by a qualitative
review of statistical summary data.

Acid neutralization capacity/meq/g

Review of test results/Neutralization
capacity must be increased, as indicated by
a qualitative review of statistical summary
data.

Total lead—nitric acid/Mean lead
concentration of lead (mg/kg)

Student’s t-test formula at the 0.05 level of
significance/Mean concentration of lead in
the treated soil must be lower than that in
the untreated soil.

(continued)
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Table 2-4.

Summary of Statistical Procedures Used to Evaluate Each of the Objectives of the Demonstration (continued)

Objective

Test Method/ Test Variable

Statistical Method/Acceptance Criterion for
Meeting the Objective

Total lead—hydrofluoric acid /Mean
concentration of lead (mg/kg)

Student’s t-test formula at the 0.05 level of
significance/Mean concentration of lead in
the treated soil must not be higher or lower
than that in the untreated soil.

the extract (mg/L)

SPLP lead/Mean concentration of lead in

Student's t-test formula at the 0.05 level of
significance/Mean concentration of lead in
the extract of the treated soil must be less
than 5 mg/L (a nominal concentration that
would be expected to meet or exceed
cleanup goals at some sites).

phosphate

Total phosphate/Mean concentration of

Review the results/Mean concentration of
total phosphates in the treated soil must not
be significantly higher or lower less than
that in the untreated soil.

SPLP phosphate/Mean concentration of
phosphate in the extract (mg/L)

Review the results/Mean concentration of
phosphate in the extract of the treated soil
must be less than or equal to that of the
untreated soil.

S2: Demonstrate that the application of Soil
Rescue did not increase the public health

risk of exposure to lead. air (mg/m?®)

Total lead/Mean concentration of lead in the

Review of test results/Concentrations of
airborne lead must not exceed NAAQS
limits for lead.

S3: Document baseline geophysical and
chemical conditions in the soil before the
application of Soil Rescue.

Soil classification, total VOCs, SVOCs, oil
and grease, and humic and fulvic acids

Review of test results/Identify results that
appear unusual in light of the location and
history of the site (no specific acceptance
criteria were established for S3).

S4: Document operating and design

parameters for Soil Rescue. Cost analyses

Present cost data/No specific acceptance
criteria were established for S4.

Notes:

objective were collected from the trailer park.
2Achievement of P2 was evaluated only at the trailer park.

10Objective P1 was evaluated statistically only on analytical results from the inactive pottery factory; only three samples pertinent to that

3SEM lead speciation was conducted only on soils collected from the trailer park.

were used to check the results produced by various
parametric tests. A bootstrap analysis was performed on
the soil lead bioaccessibility data on the paired samples.
The bootstrap analysis was performed by drawing N
samples of size n from the observed individual percent
reduction (PR) sample values defined as:

Xti
Xui

wherexti and xui once again represent theith observations
about treated and untreated soils, n representsthe sample
size, and N representsthe number of timesthesimulations
were performed (N = 1000 and n= 10for thisstudy). The
bootstrap samples then were used to calculate: (1) the
observed mean percent reduction; (2) a 100(1-alpha)%
confidence interval for this mean estimate, using the
observed bootstrap cumulative distribution function; and
(3) the proportion of sample means that exceed a given
100(1- r )% threshold (that calculation represents a
bootstrap version of a hypothesistest).

PRi = 100(1—
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24 RESULTS OF THE SITE

DEMONSTRATION

Thefollowing sectionspresent theanal ytical datarelevant
to each objective of the demonstration and the results of
evaluationsof thosedata, including summariesof statistical
calculations. Section 2.4.1 addresses P1, Section 2.4.2
addresses P2, and sections 2.4.3 through 2.4.6 address S1
through $4, respectively.

2.4.1 Evaluation of P1

Determine whether leachable lead in soil can be reduced
toconcentrationsthat comply withthealternative UTSfor
contaminated soil that arecodified at 40 CFR part 268.49.

The treatment standards for contaminated soil that are
codified at 40 CFR part 268.49 require that the
concentrations of lead in the treated soil, as measured by
the TCLP, must belessthan 7.5mg/L or at | east 90 percent
lower than those in the untreated soil, whichever is the



higher concentration. Soil samples were collected from
theexperimental unit at theinactivepottery factory before
and after treatment to assess the Soil Rescue treatment
process. Table2-5 summarizesthe TCL Plead datafor the
inactive pottery factory site.

Theresultsof the statistical analysis of those data, shown
in Table 2-6, demonstrate that the mean concentration of
TCLPleadintreated soil fromtheinactivepottery factory
was significantly less than 7.5 mg/L; in fact, the results
reflect aprobability of lessthan 0.005 (or 1in500) that the
actual mean concentration of TCLP lead in the treated
soilsishigher than 7.5 mg/L. Therefore, it wasconcluded
that Soil Rescue achieved thefirst primary objective (P1)
of the SITE demonstration. In addition, Soil Rescue
exceeded P1 in that the mean concentration of TCLPlead
intheuntreated soil wasreduced by morethan 99 percent.

Datafromthetrailer park were not used to evaluate P1 on
a formal statistical basis; however, concentrations of
TCLPIlead were measured in untreated and treated soil at
3 of the 10 experimental units at that location. The
analytical results for TCLP lead from two of those
experimental units indicate similar reductions in
concentrations of TCLP lead. No reductions in
concentrations of TCLP lead could be identified for
samples collected at the third experimental unit, because
the concentrations of TCLP lead in both untreated and
treated soils from that unit were lower than detection
limits. Table 2-7 summarizesthe TCLP lead resultsfrom
the trailer park.

Table 2-5. TCLP Lead Results for the Inactive
Pottery Factory Site
Experimental Sampling Untreated Treated
Unit Location (mg/L) (mg/L)
U 1 453 3.2
U 2 376 3.0
U 3 411 3.6
U 4 364 35
U 5 411 3.1
U 6 n/s 4.0
U 7 n/s 2.9
U 8 n/s 3.2
U 9 n/s 3.2
Note: n/s = Not sampled (see Figure 2-2).
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Table 2-6. TCLP Lead Summary and Test Statistics for the
Inactive Pottery Factory Site
Probability
That the
Actual
Treated
Mean Is
Untreated | Treated Treated >7.5 mg/L
Mean Mean Percent 95% UCL (Students
(mg/L) (mg/L) Reduction (mg/L) t-test)
403 33 99% 3.484 <0.005

2.4.2 Evaluation of P2

Determine whether the portion of total lead in soil that
is “bioaccessible,” as measured by an experimental
method, can be reduced by at least 25 percent.

The objective was evaluated by collecting samples of
untreated and treated soil fromthetrailer park for soil lead
bioaccessibility and analyzingthesamplesby theSBRC' s
SIVM. Table 2-8 presents the results of the SIVM
analysisof theuntreated and treated soil samples. Soil lead
bioaccessibility istheratio of the amounts of lead that is
solubilized duringtheextractiontothetotal amount of lead
in the soil sample. The concentrations of bioaccessible
lead in the untreated soils (mg/kg) are calculated on the
basisof total |ead measured in the extract and the mass of
the soil extracted during thetest. The concentrationsthen
aredivided by thetotal concentration of lead measuredin
theuntreated soil toarriveat thepercentageof bioaccessible
lead in the untreated soils. Identical measurements and
calculations are used to calculate the percentage of
bioaccessible lead in the treated soils.

Data analysisfor the objective consisted of performance
of an assessment of datadistribution and aparametrictest
(t-test). An assessment of the results of the validity of the
parametric test was performed by the conduct of a
distribution-freetest (bootstrap analysis).

Table 2-7. TCLP Lead Results for the Trailer Park

Site

Experimental | Sampling | Untreated Treated
Unit Location (mg/L) (mg/L)

G Comp 13.2 1.3

L Comp 11.9 14

T Comp <0.50 <0.50

Note: Comp = Composite of five sampling locations
within an experimental unit (see Figure 2-1).




Table 2-8.  Soil Lead Bioaccessibility Results
Untreated Results Treated Results Summary
Total
Lead Bioaccessible Percentage Total Lead Bioaccessible Percentage Percent
Unit | (mg/kg) | Lead (mg/kg) Lead (mg/kg) Lead (mg/kg) Lead Reduction
C 645.97 325.29 50.4% 587.41 259.79 44.2% 12.2%
G 6446.73 | 4536.05 70.4% 8751.09 6025.50 68.9% 2.1%
K 239456 | 1378.70 57.6% 2525.71 1617.51 64.1% -11.2%
L 7775.47 |5209.88 67.0% 7255.24 4780.36 65.9% 1.7%
M 2941.40 | 1714.58 58.3% 2862.71 1807.93 63.2% -8.3%
N 2303.51 | 1338.74 58.1% 1680.93 953.83 56.8% 2.4%
O 2378.06 | 1140.08 47.9% 2980.51 1553.04 52.1% -8.7%
Q 726.82 381.79 52.5% 824.93 344.46 41.8% 20.5%
R 1406.92 | 649.48 46.2% 1397.99 699.90 50.1% -8.5%
T 339.34 148.68 43.8% 348.95 113.34 32.5% 25.9%

Theassessment of datadi stribution suggested that the soil
lead bioaccessibility data followed anormal distribution
(for both untreated and treated soils). Therefore, the
standard t-test formula for testing for a 100 (1-r0)%
reduction in the arithmetic mean was used, with r0 equal
to 0.25. Table 2-9 presents a summary of the parametric
test statistics, which can be used to determine whether a
reduction of at least 25 percent in the soil lead
bioaccessibility has been achieved. To conclude that
reduction of at least 25 percent has occurred at a
significance level of alpha 0.05, the observed t-score
should be lessthan -1.812. On the basis of that criterion,
the percent reduction achieved appearsto be lessthan 25
percent.

Anassessment of thevalidity of theresultsof theparametric
test was performed through the conduct of a bootstrap
analysisof the samplevalues. For the bootstrap analysis,
samples of size 10 were drawn with replacement 1,000
timesfrom the Soil Rescue soil |ead bioaccessibility data.
Table 2-10 summarizes the results of that analysis.

Thecad culated percent reductionin soil lead bioaccessibility
was 2.92 percent, with acalculated standard deviation of
3.99 percent and a 95 percent confidenceinterval of -4.8
percent to 11.2 percent. None of the 1,000 bootstrap
calculations were found to exceed a percent reduction
valueof 25 percent. Therefore, theresultsof thebootstrap
analysis support the results of the parametric test, which
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indicatethat Soil Rescuedid not appear to achievethegoal
of atleast 25 percent reductionin soil lead bioaccessibility
in soilsfrom thetrailer park.

2.4.3 Evaluation of Objective S1

Demonstrate the long-term chemical stability of the
treated soil.

Variousanalytical proceduresthat areindicative of long-
term chemical stability wereselected for useineval uating
S1. For thedemonstration, thelong-term chemical stability
of thetreated soil waseval uated by comparingtheanal ytical
results for the untreated soil samples with those for the
treated soil samples, using leaching procedures, lead
speciation methods, and other inorganic chemical
procedures, includingtheM EP, |ead speciation by scanning
electron microscopy, |ead speciation by thesequential soil
serial extraction procedure, Eh, pH, cation exchange
capacity, acid neutralization capacity, total leadin soil (as
determined by two methods), |eachablelead by the SPLP,
total phosphates, and|eachablephosphates. Thediscussions
bel ow describe the analytical methods, how the methods
wereusedtoindicatelong-term chemical stability, andthe
analytical results for each method.

MEP

The MEP was designed to simulate both the initial and
subsequent leaching that a waste would undergo in a



Table 2-9. Parametric Test Statistics, Soil
Lead Bioaccessibility Data

Statistic Data
Value of C. ! 12.53%
Standard deviation 7.2
t-score (H,: C, greater
than or equal to 0) 5.499
Level of significance 0.9999

Note:
tC,=C,-C, (1) (see Section 2.3.2.2)

sanitary landfill. Thecriterion established for determining
whether theresultsof theM EP demonstrateachievements
of S1 (long-term chemical stability) required that the
concentrations of lead leached from the treated samples
were less than 5.0 mg/L. The criterion is a nominal
concentration that would be expected to meet or exceed
cleanup goal sat somesites; therefore, itisnot providedin
any federal laws or regulations. Although the MEP was
not designed for use on untreated soils, the demonstration
planincluded analysisof untreated soilsusingthe MEPto
provide a basis of comparison with the test results on the
treated soils.

Table 2-11 lists the analytical results for the MEP. The
data on untreated soil from experimental unit G at the
trailer park indicated that the analytical results for the
MEP exceeded 5.0 mg/L for days 5 and 6 of the 11-day
extraction period. Thedataon treated soil fromthetrailer
park indicated that the MEP analytical results were
consistently lessthan 5.0 mg/L for the extraction period.
Figure 2-3 shows the MEP results for the sample of
untreated soil from unit G that were higher than or equal
to5.0mg/L withthecorresponding resultsfor treated soils.

For the five sampling locations at the inactive pottery
factory, resultsfor samples of untreated soil were higher
thanor equal to5.0mg/L. Thedataontreated soil fromthe
inactivepottery factory indicated that theanal ytical results
for the MEP were consistently less than 5.0 mg/L for the
extraction period. Figures2-4through 2-8 show theresults
for the samples of untreated soil from theinactive pottery
factory that werehigher thanor equal to5.0mg/L, withthe
corresponding results for treated soil.

On days 7 or 8, the extractions are repeated until
concentrationsdecrease, or until Day 12. Resultsfor Days
10to 12 werenot recorded if therewasnoincreaseinlead
concentrations from Days 7 or 8 to Day 9.
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Table 2-10.  Bootstrap Statistical Results for Bioavailable
Lead Difference Data

Statistic Data

Mean 2.92%

Standard deviation 3.99%

95% confidence interval (-4.8%, 11.2%)

Number of percent reduction samples > 25% | 0/1,000

Theanalytical resultsfortheM EPindicatethat thelead did
not leach from the soil treated with Soil Rescue under
repetitive precipitation of acid rain conditions. Therefore,
the long-term chemical stability of the treated soil, as
measured by the M EP, appearsto have been enhanced by
the addition of Soil Rescue.

Lead Speciation by Scanning Electron
Microscopy

This procedure used an EMP technique to determine the
frequency of occurrence of 18 |ead-bearing phasesin soil
samples from the trailer park location only. For the
demonstration, the mean of the percent frequency of each
lead phase was evaluated with regard to the effect the
changeinthat phase will have on the long-term chemical
stability of thetreated soil. Thelong-term chemical stability
of a soil is enhanced if the application of Soil Rescue
increasedthefrequency of thephaseshavinglow solubilities
(such as the lead phosphate phase) and decreased the
frequency of the species that are highly soluble (such as
thelead metal oxidephase). Becauseof thevolumeof data
generated from the procedure (10 samplesfor each of 18
metal-bearing phases), the mean of the percent frequency
of each phase was determined to compare the analytical
results for untreated and treated soils. The unpublished
TER providesatable of theraw lead speciation data. The
TER is available upon request from the EPA work
assignment manager (see Section 1.4 for contact
information).

Table 2-12 shows the mean percent frequency of each
metal phasefor untreated and treated soils, aswell asother
descriptive statistics. The data suggest that there were
potentially significant changes from untreated to treated
soilsfor only 5 of the 18 phases that were evaluated. The
frequency of the lead phosphate phase, and possibly the
glass phase, increased between the values for untreated
andtreated soil s, acondition that woul d beindicativeof an
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Figure 2-3. MEP lead results for experimental unit G at the trailer park.
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Figure 2-4. MEP lead results for sampling location 1 at the inactive pottery factory.
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Figure 2-5. MEP lead results for sampling location 2 at the inactive pottery factory.
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Figure 2-6. MEP lead results for sampling location 3 at the inactive pottery factory.
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Figure 2-7. MEP lead results for sampling location 4 at the inactive pottery factory.
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Figure 2-8. MEP lead results for sampling location 5 at the inactive pottery factory.
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Table 2-12.  Summary of Percent Frequency of Lead Phases Statistical Data

Untreated Treated
Phase of Lead Mean Standard Deviation | Number of Zero Values | Mean Standard Deviation | Number of Zero Values
Anglesite 0.02 nct 9 0.01 nc 9
Barite 0.1 nc 8 1 nc 6
Brass 0 nc 10 0.13 nc 8
Cerussite 0.41 12 8 0.67 17 4
Clay 0 nc 10 0 nc 10
Fe-Oxide? 4477 15.09 0 21.09 14.47 0
Fe-Pb Sulfate 0.17 nc 7 0 nc 10
Galena 0 nc 10 0 nc 10
Glass? 39.11 16.15 0 52.52 20.55 0
Mn-Oxide? 8.39 11.25 3 2.46 5.63 7
Organic? 1.88 4.55 7 12.23 16.36 3
Pb Vanadate 0 nc 10 0.01 nc 9
PbMO 1.93 1.08 0 1.52 1.07 0
PbSIO, 0.58 1.37 6 151 2.64 3
Phosphate? 0.09 0.19 8 52 4.58 1
Si-Phosphate 0 nc 10 0.07 nc 9
Slag 2.28 nc 5 1.86 nc 6
Solder 0.02 nc 9 0.04 nc 8
! nc = not calculated. Standard deviations were not calculated for data on lead phases that were associated with five or more zero-
value data points for both the untreated and treated soils.
2 Appears to be a significant difference between treated and untreated soils.

increaseinthelong-term chemical stability of thesoil. Also
indicativeof chemical stability aretheapparent reductions
intheiron oxide and manganese oxide phasesof lead. The
results also indicate that there was an increase in the
organiclead phase, whichindicatesareductioninstability
fromtheuntreated to thetreated soils. Application of Soil
Rescue appears to increase the organic lead phase;
however, it aso appears to increase the less-soluble
phosphate phase and reduce the soluble oxide phases of
lead in the treated soil. Because of the nature of the
speciationtest, itisnot possibletoidentify thenet result of
the changes in the frequencies of those five phases.
Therefore, thel ead speciationresultswerenot unanimously
consi stent with theattai nment of objective S1; however, it
appears that those results suggest that Soil Rescue can
enhance the long-term stability of treated soil.
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Lead Speciation by Sequential Extraction

Thisprocedure uses sequential chemical extractionswith
different reagents to determine the concentration of lead
that partitionsinto each of several discrete metal phases.
The phases include exchangeable lead, lead bound to
carbonates, lead bound to iron oxide, lead bound to
manganese oxide, lead bound to organic matter, and
residual lead.

The lead in the exchangeable phase, carbonates phase,
iron oxide phase, manganese oxide phase, and organic
matter phase is subject to release to the environment in a
solubleform because of such changesin soil conditionsas
pH and Eh. Theresidual phasecontainsprincipally primary
and secondary mineral sthat may holdthelead withintheir
crystal structures. Therefore, long-term stability was
evaluated by comparing the concentrationsof leadineach



phase of the untreated sampleswith the concentrations of
lead in each phase of the treated samples. Long-term
stability would be suggested if there are decreasesin the
concentrations of lead in the exchangeable phase,
carbonates phase, iron oxide phase, manganese oxide
phase, and organic matter phase, with an increase in the
residual phase.

Tables 2-13 and Table 2-14 present the results of the
sequential extractionson soil samplesfromthetrailer park
andtheinactivepottery factory, respectively. Onthebasis
of an assessment of graphical data distribution, the
sequential extractiondataappear tobedistributed normally.
Therefore, thedataon untreated soilsfromthetrailer park
and theinactive pottery factory were analyzed separately
throughapplicationof aseriesof individual t-testsextraction.

Table2-15displaysthesummary statisticsassociated with
the sequentia extraction datafrom both locations. Those
statistics include the estimated means for the untreated
and treated soils, the calculated percent change in those
means, and thelevel of significance of each t-score. Note
that, because a total of six simultaneous t-tests were
performed, aBonferroni correction was used to preserve
theoverall Typelerror rate. Therefore, not-scoreshould
be considered statistically significant at the 0.05 level
unlessthe corresponding level of significanceislessthan
0.05/6 =0.0083.

As Table 2-15 shows, the results of the sequential serial
soil extractionsindi catereductionsintheconcentrationsof
four of the six lead phases (exchangeable, carbonate,
manganese oxide, and iron oxide) and increases in the
other twolead phases(organic matter and residual) insoils
from both sites. Those results are consistent with those
obtained for lead speciation by the SEM procedure
(presented in the previous section).

Of the results for the 12 Student t-tests, 8 appear to be
statistically significant. Thefour other resultswerea most
dtatistically significant; therefore, thechangesinthetreated
soilsthat theseother four testsindi cated probably occurred.
Thefour resultsthat were not found to besignificant at the
0.05level of significanceincludeincreasesinexchangeable
and organic matter phasesat thetrailer park and increases
in residual concentrations at both locations. There are
significant decreases in the mean concentrations of lead
boundto carbonatesand|ead boundtoironand manganese
oxide phases at both sites. Soil from thetrailer park also
exhibited a significant decrease in lead bound to the
exchangeablephase. Soil fromtheinactivepottery factory
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exhibited a significant increase in the organic matter
phase.

The results of the statistical analysis indicate that Soil
Rescueincreased the mean concentrations of theresidual
phases of lead at both site locations, however, such
increases do not appear to be significant at the 0.05 level
of significance. Those results also indicate that the
application of Soil Rescue significantly reduced the
concentrations of three soluble lead phases (carbonate,
manganese oxide, and iron oxide) at both sites, with
significant and almost-significant reductions of another
highly solublelead phase (exchangeable). Finally, thedata
indi catethat significant and almost-significantincreasesof
another soluble lead phase (organic matter) occurred at
bothlocations. Therefore, thelead speciation resultswere
not unanimously consi stent withtheattainment of objective
SL.

Eh

Eh was evaluated to determine whether the treated soil
exhibitsan oxidizing or reducing environment. Reducing
conditions favor retention of lead in the soil, which may
increase the long-term stability of the treated soil. The
long-term stability of the treated soil was evaluated by
comparingtheEhvaluesfor untreated soil with thevalues
for treated soils and by determining whether the soil
exhibited anoxidizingor reducingenvironment. A decrease
in the Eh values would suggest |ong-term stability of the
treated soil.

Table 2-16 presentsthe Eh datafor untreated and treated
soil fromthetrailer park, and Table 2-17 presentsthe Eh
datafor untreated and treated soil fromtheinactivepottery
factory. These Eh data appear to be normally distributed,
based on a graphical data distribution assessment.

Table 2-18 presents the summary statistics associated
with the analysis. Included in that table are the observed
Eh means for untreated and treated soils, the estimated
mean differences, and the levels of significance of the
corresponding t-scores for the soil from the trailer park.
TheincreaseintheEh meanlevel fromtheuntreastedtothe
treated soil appearsto be statistically significant. The Eh
results from the trailer park therefore indicate that the
application of Soil Rescuehasincreasedthe Eh of thesail,
which does not indicate long-term stability of the soil
treated with Soil Rescue at the trailer park. For the soil
from the inactive pottery factory, the decrease in the Eh
mean from the untreated to the treated soil appears not to
be significant and therefore would not indicate long-term



Table 2-13.  Sequential Serial Soil Extracts Results, Trailer Park
Untreated Treated

Unit | Sampling Location 1 2 3 4 5 6 1 2 3 4 5 6

C Comp 3.46 265 |1.657 |6.19 729 |187 0.13 ]9.35 0.103 | 2.27 [9.99 |381

G Comp 80.4 81.42 | 23.25 62.5 61.75 | 2026 | 3.62 22.72 |8.935 | 46.62 | 2455 | 4,064

K Comp 375 36.66 | 6.985 |30.22 |15.44 | 781 3.03 |792 5.131 | 20.64 |52.23 | 2,583

L Comp 60.9 105.4 [ 9.039 |88.69 | 4298 | 2386 |15.14 [57.48 |3.949 |81.28 |125.1 | 3,903

M Comp 11 70.49 | 1597 |32.64 |14.96 | 543 6.53 |18.37 [12.4 |31.92 |33.23|790

N Comp 13.2 18.57 [ 11.93 | 23.76 | 22.06 | 504 0.7 3.06 1.331 [ 13.03 |36.29 | 799

O Comp 2.86 36.3 3.897 29.59 | 1947 |516 0.62 0.85 2.094 | 2047 | 48.96 | 1,371

Q Comp 12.4 8.08 3.724 5.68 7.18 1889 | 0.46 1.59 0.125 | 3.33 16.72 | 551

R Comp 20 12.22 | 5.485 14.22 |19.494 | 325 1.04 4.49 1.006 | 9.22 24.63 | 786

T Comp 5.55 225 | 1127 4.89 3.24 71 0.11 0.43 0.1 0.84 5.76 220

Note: 1 = Exchangeable phase (mg/L Pb), 2 = Carbonate phase (mg/L Pb), 3 = Manganese oxide phase (mg/L Pb), 4 = Iron

oxide phase (mg/L Pb), 5 = Organic matter phase (mg/L Pb), 6 = Residual phases ( mg/L Pb).
Table 2-14.  Sequential Serial Soil Extracts Results, Inactive Pottery Factory

Untreated Treated
Sampling

Unit | Location |1 2 3 4 5 6 1 2 3 4 5 6
U 1 133.7 1,506 230.3 515.7 255.2 | 14,446 2299 | 255.7 13.83 | 194.8 1,326 15,749
U 2 117.7 1,349 142.7 579.9 230.3 | 13,491 22.1 188.5 6.39 213.2 1,329 18,054
U 3 180.4 2,213 261.3 766.9 | 2155 |[13,600 30.18 | 255.6 [17.92 |159.6 | 1,662 23,739
U 4 141.6 1,506 183.4 600.8 285 13,328 32.17 | 3324 2242 | 198.7 1,579 18,002
u 5 120.3 1,078 195.9 663.9 | 240.7 |13,872 3459 [156.9 |[16.99 | 2265 |1,348 17,223
U 6 n/s n/s n/s n/s n/s n/s 23.82 | 304.10 |18.24 | 254.00 | 1,485 18,157
U 7 n/s n/s n/s n/s n/s n/s 1454 |183.20 | 11.52 | 213.60 | 1,234 16,384
U 8 n/s n/s n/s n/s n/s n/s 30.89 |186.70 |8.21 |192.30 | 1,107 15,216
U 9 n/s n/s n/s n/s n/s n/s 44.26 | 233.60 | 56.17 | 175.80 | 1,294 10,843

Note: 1 = Exchangeable phase (mg/L Pb); 2 = Carbonate phase (mg/L Pb); 3 = Manganese oxide phase (mg/L Pb); 4 = Iron oxide phase
(mg/L Pb), 5 = Organic matter phase (mg/L Pb); 6 = Residual phases ( mg/L Pb); n/s = not sampled.
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Table 2-15.

Sequential Serial Soil Extracts: Summary Statistics

Untreated Mean | Treated Mean Mean Difference
Phase (mg/L Pb) (mg/L Pb) (Untreated - Treated) | Significance level
Trailer Park
Exchangeable 24.73 3.14 21.59 0.009
Carbonate 37.41 12.63 24.78 0.004*
Manganese Oxide | 8.31 35 4.81 0.003*
Iron Oxide 29.84 22.96 6.88 0.0005*
Organic Matter 20.39 59.86 -39.47 0.03
Residual 922.8 1,545 -622.2 0.02
Inactive Pottery Factory
Exchangeable 138.73 28.39 110.34 0.0002*
Carbonate 1,530.45 232.99 1,297.46 0.001*
Manganese Oxide | 202.72 19.08 183.64 0.0002!
Iron Oxide 625.44 203.18 422.26 0.0002*
Organic Matter 385.6 1,373.9 -988.3 0.00000001*
Residual 13,751 17,040.78 -3,289.78 0.009
Notes:

Hypothesis associated with significance level is H : mean untreated - mean treated = 0.

1 Significant difference between treated and untreated soil (A significance level of 0.0083 or lower is
needed to declare a significant difference, based on a Bonferroni correction needed to preserve the
significance level of 0.05).

Table 2-16.  Trailer Park Eh Analytical Results Table 2-17.  Inactive Pottery Factory Eh Analytical
- - Results
Experimental Sampling Untreated Treated
Unit Location Eh (mV) Eh (mV) Experimental | Sampling | Untreated Eh | Treated Eh

- Unit Location (mV) (mV)
C Composite 620 590

- U 1 530 530
G Composite 690 580

) U 2 890 610
K Composite 620 530

) U 3 590 560
L Composite 570 770

- U 4 650 570
M Composite 490 1,100

) U 5 550 530
N Composite 600 700

- U 6 n/s 540
O Composite 570 800

- U 7 n/s 540
Q Composite 500 810

- U 8 n/s 580
R Composite 550 820

- U 9 n/s 570
T Composite 570 670

Note: n/s = not sampled.
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Table 2-18. Eh Summary Statistics

Statistic Trailer Park Data (mV) Inactive Pottery Factory Data (mV)
Untreated Mean (Standard deviation) 578 (59) 642 (146)
Treated Mean (Standard deviation) 737 (165) 559 (27)
Mean Difference (Untreated - Treated) | 159 -83
Significance level 0.02 0.14

Note: Hypothesis associated with significance level is H : mean untreated - mean treated = 0. A paired
t-test was conducted on data from the trailer park, and an unpaired t-test assuming unequal variances
between treated and untreated samples was conducted on the data from the pottery factory.

stability. Overall, theresultssuggest that theapplication of
Soil Rescuemay either increaseor not significantly affect
the Eh of thetreated soil ; however, such changesinEhdid
not appear to bring along increases in lead-oxide and
manganese-oxide phases of lead, as evidenced by the
reductionsinthephasesobservedinthedatafromtwolead
speciation evaluations (discussed above). In summary,
long-term chemical stability was not indicated for soils
treated by Soil Rescue by the analytical results from
oxidation-reduction (Eh) analysis.

pH

In general, the maximum retention of lead isachieved in
soilsthat arecharacterized by apH higherthan 7.0, andthe
solubility of lead isgenerally lower in soilsthat haveapH
between 7.0 and 10.0. Therefore, the pH values of
untreated and treated soils were evaluated to determine
whether the pH was higher than 7.0 in the samples of
treated soil and to determine whether the pH values had
increased after treatment with Soil Rescue.

Table2-19 presentstheanalytical resultsfor pH inthesoil
fromthetrailer park. Table2-20displaysthepH analytical
resultsfor pH inthe soil from theinactive pottery factory.
On the basisof an assessment of datadistribution, the pH
dataappear to bedistributed normally; however, pHisthe
negativelog of hydrogenion activity. Therefore, pH data
on the untreated and the treated soils were converted to
molar concentrationunitsandthenwereanayzed separately
for thetrailer park andtheinactivepottery factory, through
theuse of individual t-tests.

Table 2-21 showsthe summary statistics associated with
the analysis. Included in the table are the observed pH
meansfor untreated and treated soils, the estimated mean
differences, andthelevel sof significanceof corresponding
t-scores. Note that the increase in pH mean levels from
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untreated to treated soils at each site appears to be
statistically significant. In addition, 4 of 10 pH valuesfor
treated soilsfrom thetrailer park are within the optimum
range, and all pH valuesfor treated soil from theinactive
pottery factory arewithintheoptimumrangeof 7.0to0 10.0.
Onthebasisof thoseresults, theapplication of Soil Rescue
appears to have enhanced the long-term stability of the
treated soil.

Cation Exchange Capacity

Theobjectiveof thetestsfor CEC wasto determineif Sail
Rescue could increase the CEC, which would indicate an
increase in the ability of the soil to prevent migration of
lead. The analytical results for CEC from one untreated
soil sample were compared with those from one treated
soil sample collected at both the trailer park and the
inactive pottery factory to determine whether the cations
in Soil Rescue changed themobility of thelead inthesoil.
Table2-22displaysthe CEC datafromthetrailer park, and
Table2-23displaysthe CEC datafromtheinactivepottery
factory. The CEC data for the trailer park show an
increasefromtheresult for untreated soil of 0.12 meg/gto
theresult for treated soil of 0.22 meg/g. CEC datafor the
inactive pottery factory also show anincreaseinthe CEC
fromtheresultfor untreated soil of 0.09 meg/gtotheresult
for treated soil of 0.26 meg/g.

At both sites, the availability of exchangeable potassium
showed thelargest increase. Thetotal observed increases
in the available cations would be expected to reduce the
migration ratesand thetotal distances of migration of the
total masses of lead in the soils at both sites. Therefore,
improvementsin the CEC indicate that the application of
Soil Rescue appears to have enhanced the long-term
stability of the treated soil. However, the results are not
guantitative because CEC tests were conducted on only
one sample from each site.



Table 2-19.  Trailer Park pH Analytical Results Table 2-20.  Inactive Pottery Factory pH Analytical Results
Experimental Unit | Sampling Location | Untreated | Treated Experimental Unit iigatlii;? Untreated Treated
C Composite 5.9 6.8 U 1 6.9 8.2
G Composite 6.2 7.5 u 2 75 8.0
K Composite 5.9 6.5 U 3 74 7.8
L Composite 6.5 6.7 U 4 75 7.7
M Composite 6.9 6.7 U 5 74 7.9
N Composite 6.3 7.8 U 6 n/s 8.2
(@] Composite 7.8 6.8 U 7 n/s 7.8
Q Composite 53 7.2 U 8 n/s 79
R Composite 5.3 7.9 U 9 n/s 8.1
T Composite 4.8 6.6 Note: n/s = Not sampled

Table 2-21. pH Summary Statistics

Statistic Trailer Park Data Inactive Pottery Factory Data

Untreated Mean*! 5.52 7.27

Treated Mean* 6.85 7.92

Mean Difference (Untreated - Treated) 1.33 0.65

Significance level 0.041 0.049

Notes:

Hypothesis associated with significance level is H_: mean untreated - mean treated = 0. A paired t-test was conducted
on data from the trailer park, and an unpaired t-test assuming unequal variances between treated and untreated
samples was conducted on the data from the pottery factory.

!Mean values are reported as pH; however, they were calculated based on molar concentration units obtained by
conversion of the individual pH unit measurements shown in tables 2-19 and 2-20.

Table 2-22. CEC Analytical Results for Soil from the Trailer Park
Untreated/

Treated Na (meqg/g) | Al (meg/g) | Ca (meqg/g) | Mg (meq/g) | K (meg/g) | Fe (meqg/g) | Mn (meqg/g) | Total (meg/g)
Untreated 0.0022 0.0022 0.0987 0.0129 0.0046 0.0000 0.0003 0.1190
Treated 0.0023 0.0001 0.0544 0.0108 0.1475 0.0000 0.0048 0.2199
Note: meqg/g = milliequivalents per gram = weight of element in soil (mg) + (atomic weight [g] + valence) per gram of soil.
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Table 2-23.

CEC Analytical Results for Soil from the Inactive Pottery Factory

Untreated/
Treated Na (meqg/g) | Al (meg/g) | Ca (meqg/g) | Mg (meg/g) | K (meg/g) | Fe (meqg/g) | Mn (meq/g) | Total (meqg/g)
Untreated 0.0038 0.0001 0.0759 0.0083 0.0010 0.0000 0.0000 0.0893
Treated 0.0141 0.0001 0.0406 0.0150 0.1880 0.0000 0.0047 0.2626

Note: meg/g = milliequivalents per gram = weight of element in soil (mg) x + (atomic weight [g] + valence) per gram of soil.

Acid Neutralization Capacity

Onesoil samplewascollected beforeand another after the
application of Soil Rescue at the trailer park and the
inactive pottery factory; all four samples were analyzed
for acid neutralization capacity. Increasing the acid
neutralization capacity providesmoreligandsfor formation
of themore stablelead complexes, thereby enhancing the
long-termstability of treated soil. Dataonacidneutralization
capacity for soil from the trailer park indicate that there
wasanincreasefromtheresult for untreated soil of 0.0846
meq/g to theresult for treated soils of 0.1214 meg/g. The
data on acid neutralization capacity datafor the inactive
pottery factory indicatethat therewasadecreasefromthe
dataontheresult for untreated soil of 0.6329 meg/gtothe
result for treated soil of 0.5013 meg/g. Because the
analytical results were not consistent at the two sites, the
data do not suggest that the long-term stability of the
treated soil was enhanced by the application of Soil
Rescue. However, theresultsarenot statistically conclusive
becauseonly onepair of soil sampleswascollected at each
location.

Total Lead in Soil

Two analytical procedures were used to determine total
concentrationsof lead inthesoil. Oneprocedure, SW-846
M ethod 3050B, usesanitricacid solutiontodigest thelead.
Thesolutionisavery strong acid that dissolvesalmost al
of lead in a sample that could become “environmentally
available” (EPA 1996); however, themethodisnot atotal
digestiontechnique. Lead boundinsilicatesandlead bound
toorganicsmay not bedissolved by thismethod. Therefore,
a portion of each soil sample was also digested by
hydrofluoricacid. That proceduredigeststhesiliceousand
organic matrices and other complex matricesto produce
atotal concentration of lead.

Both procedures were used to determine whether Soil
Rescue forms complex matrices that are not dissolved
readily. Binding of thelead into complex matricesshould
reduce the concentration of lead that is environmentally
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available. If theconcentration of lead determined by nitric
acid digestion decreases after treatment while the
concentration of lead determined by hydrofluoric acid
digestiondoesnot changesignificantly, therisk of exposure
to environmentally available lead is reduced. If the
concentration of lead determined by nitric acid digestion
increases after treatment while the concentration of lead
determined by hydrofluoricacid digestiondoesnot change
significantly, therisk of exposuretoenvironmentdly available
lead isincreased. If the concentration of lead determined
by both proceduresdoes not changesignificantly, therisk
of exposuretoenvironmentally avail ableleadisunchanged.
However, if the concentration of lead determined by
hydrofluoric acid digestion increases significantly, the
distribution of leadin complex matricesmay follow anon-
normal pattern. It should be noted that these tests were
extremely aggressive tests, thus meeting the acceptance
criteriaestablished for these testswas hot asimportant as
meeting the acceptance criteria of other tests involving
long-term chemical stability.

Table 2-24 liststhe concentrations of lead determined by
nitric acid digestion of untreated and treated soil fromthe
trailer park, and Table2-25liststhe concentrationsof lead
acid digestion of untreated and treated soil from the
inactive pottery factory. The dataappear to bedistributed
normally, asindicated by a graphical assessment of data
distribution. Therefore, thedifferencesbetweentotal |ead
intreated and untreated soilswereanalyzed separately for
thetrailer park andtheinactivepottery factory, throughthe
use of separate Student t-tests.

Table2-26displaysthesummary statisticsassociated with
theanalysis. Thestati sticsincludetheestimated untreated
and treated mean concentrations of lead, the calculated
percent changeinthemeans, andthelevelsof significance
of the t-scores. The observed mean concentration of |ead
insoil fromthetrailer park increased from 1,802.8 mg/kg
t02,168.9 mg/kg, whilethe mean concentration of leadin
soil from the inactive pottery factory decreased from
34,740 mg/kg to 31,422.2 mg/kg. However, the
correspondingt-scoresindicatethat neither of theobserved



Table 2-24.  Lead Analytical Results for Nitric Acid Table 2-25.  Lead Analytical Results for Nitric Acid
Digestion for Soil from the Trailer Park Digestion for Soil from the Inactive Pottery Factory
Experimental Sampling Untreated Treated Experimental | Sampling Untreated Treated
Unit Location (mg/kg) (mg/kg) Unit Location (mg/kg) (mg/kg)
C Composite | 345 409 U 1 40,600 30,900
G Composite | 4,330 4,900 U 2 28,200 22,400
K Composite | 2,170 1,580 U 3 41,100 42,700
L Composite | 4,440 9,260 U 4 36,300 29,500
M Composite | 2,200 1,480 U 5 27,500 26,800
N Composite | 1,320 1,090 U 6 n/s 43,300
(0] Composite | 1,550 1,510 U 7 n/s 34,200
Q Composite | 496 478 U 8 n/s 22,300
R Composite | 907 766 U 9 n/s 30,700
T Composite | 270 216 Note: n/s = not sampled.
Table 2-26. Summary Statistics for Nitric Acid Digestion
Trailer Park Inactive Pottery
Statistic Data (mg/kg) Factory Data (mg/kg)

Untreated mean
(Standard deviation)

1,802.8 (1,524)

34,740.0 (6,565)

Treated mean
(Standard deviation)

2,168.9 (2,826)

31,422.2 (7,636)

Mean Difference

(Untreated - Treated) | -366.1

3,317.80

0.2

Level of significance

0.2

Note: Hypothesis associated with significance level is H : mean
untreated - mean treated = 0. A paired t-test was conducted on
data from the trailer park, and an unpaired t-test assuming
unequal variances between treated and untreated samples was
conducted on the data from the pottery factory.

differences is statistically significant. Therefore, the
statistical analysisof the datasuggeststhat, for both sites,
thereareno significant differencesinmean concentrations
of total lead between untreated and treated soilsusing the
nitric acid digestion method for total lead.

Table2-27 presentsthe concentrationsof |ead determined
by hydrofluoricacid digestion of untreated and treated soil
from the trailer park, and Table 2-28 presents the
concentrations of lead determined by hydrofluoric acid
digestion of untreated and treated soils from for the
inactive pottery factory. The data also appear to be
distributed normally, and theestimatesof samplevariance
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for the data from both locations again appear to be
approximately equivalent. Therefore, separate Student t-
testswere performed on the data from the pottery factory
andthedatafromthetrailer park tocomparethedifferences
in total concentrations of lead in untreated and treated
soils.

Table2-29displaysthesummary statisticsassociated with
the analyses. The statistics again include the estimated
mean concentrationsof |ead for untreated and treated soil,,
the calculated percent change in the means, and the level
of significance of the t-scores. The observed mean
concentration of leadinsoil fromthetrailer park increased



Table 2-27.  Lead Analytical Results Using Table 2-28. Lead Analytical Results Using Hydrofluoric
Hydrofluoric Acid Digestion for the Trailer Park Acid Digestion for the Inactive Pottery Factory
Experimental | Sampling Untreated Treated Experimental Sampling Untreated Treated

Unit Location (mg/kg) (mg/kg) Unit Location (ma/kg) (ma/kg)
c Composite | 413 398 U 1 42,900 47,800
G Composite | 4,080 13,000 U 2 49,100 39,400
K Composite | 2,010 2,660 U 3 55,700 42,300
L Composite | 6,140 6,420 u 4 47,000 33,700
M Composite | 838 2,740 u 5 47,800 27,200
N Composite | 1,060 1,150 U 6 n/s 40,900
(0] Composite | 808 1,710 U 7 n/s 33,200
Q Composite | 507 450 U 8 n/s 31,800
R Composite | 825 772 U 9 n/s 35,800
T Composite | 301 275 Note: n/s = not sampled.

Table 2-29. Summary Statistics for Hydrofluoric Acid Digestion

Statistic

Trailer Park Data (mg/kg)

Inactive Pottery Factory Data (mg/kg)

Untreated Mean (Standard deviation)

1,698.2 (1,921)

48,500 (4,645)

Treated Mean (Standard deviation)

2,957.5 (3,981)

36,900 (6,279)

Mean Difference (Untreated - Treated) | -1,259.30

11,600

0.092

Significance level

0.002

Note: Hypothesis associated with significance level is H_: mean untreated - mean treated = 0. A paired t-
test was conducted on data from the trailer park, and an unpaired t-test assuming unequal variances
between treated and untreated samples was conducted on the data from the pottery factory.

from 1,698.2 mg/kg to 2957.5 mg/kg, while the mean
concentration of lead in soil from the pottery factory
decreased from 48,500 mg/kg to 36,900 mg/kg. The
changeinthemean concentrationsof leadisnot statistically
significant at the trailer park, according to the t-score
value, which is the expected outcome of the analysis.
However, the decrease in total concentrations of lead at
the inactive pottery factory is considered significant.
Therefore, the statistical analysis of those data suggests
that there was no difference in concentrations of lead
between treated and untreated soils for soils from the
trailer park and asignificant decreaseinmean concentration
of leadintreated soil fromthepottery factory, asdetermined
by the hydrofluoric acid digestion method. Thereason for
thesignificant decreaseisunknown; however, itispossible
that thedrop intotal lead concentrations (as measured by
the hydrofluoric acid digestion method) at the inactive
pottery factory may have been the result of the sampling
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efforts conducted on the untreated soils, which may have
removed some hot spots of high lead concentrations that
were bound in stable matrices (therefore, no more of such
materia smay haveremained whenthesoilsweresampled
after the application of Soil Rescue).

SPLP Lead

The SPLP concentrations of lead in untreated soil were
compared with the SPL P concentrations of lead in treated
soil to determine whether the application of Soil Rescue
decreasedthesol ubility of theleadinthesoil. Thecriterion
selected for determining whether the application of Sail
Rescue had an effect on the soil was a concentration of
SPLPlead in treated soil of lessthan 5.0 mg/L.

Table 2-30 lists the concentrations of SPLP lead in
untreated and treated soil from the trailer park. The



Table 2-30. SPLP Lead Analytical Results for Soil from the Trailer Park
Experimental Unit [ Sampling Location Untreated (mg/L) Treated (mg/L)
C Composite <0.50 <0.50
G Composite <0.50 3.1

K Composite <0.50 <0.50
L Composite <0.50 <0.50
M Composite <0.50 1.2

N Composite <0.50 <0.50
O Composite <0.50 0.67
Q Composite <0.50 <0.50
R Composite <0.50 <0.50
T Composite <0.50 <0.50

concentrations of SPLP lead in untreated soil from the
trailer park all were lower than the detection limit of 0.5
mg/L. Of the 10 samples of treated soil from the trailer
park, 3 contained concentrations of SPLP lead that were
higher than the detection limit, but none of those
concentrations exceeded the criterion of 5.0 mg/L. The
concentrations of SPLP lead in untreated soil from the
trailer park indicate that the contaminated soil would not
reguire treatment.

A parametric statistical analysis of the concentrations of
SPLPleadintreated soil cannot be performed because of
theexcessivenumber of nondetects. However, thefollowing
nonparametric argument can be made to support a
conclusionthat SPL P mean concentration of SPLPleadin
treated soil does not exceed 5.0 mg/L. If the mean was
greater than or equal to 5.0 mg/L, the probability of
observinganindividual concentrationof SPL Plead higher
than 5.0 mg/L would be at least 0.5. Therefore, the
probability of observing 10independent samplesof treated
soil at lessthan 5.0 mg/L could beno morethan (0.5)10=
0.00098. Therefore, the hypothesis that the mean
concentration of SPLPlead intreated soil fromthetrailer
park exceeds 5.0 mg/L is rejected at a 0.001 level of
significance. The dtatistical analysis of untreated and
treated soil fromthetrailer park did notindicateadtatistically
significant change in concentrations of SPLP |ead.

Table 2-31 liststhe concentrations of SPL P lead from the
inactive pottery factory. The concentrationsof SPLPlead
inuntreated soil fromtheinactivepottery factory all were
lower than the detection limit of 0.5 mg/L. All the

concentrations of SPLP lead in treated soil from the
inactive pottery factory exceed the regulatory limit of 5
mg/L. Table 2-32 showsthe pertinent summary statistics
for SPLP data on treated soil from the inactive pottery
factory. Thestatisticsincludetheestimated mean, standard
deviation, and 95 percent upper confidencelimit (UCL) for
the SPLP data on treated soil, assuming that the data are
distributed normally. Theestimated mean concentration of
SPLP lead in soil from the inactive pottery factory was
8.78 mg/L, witha95 percent UCL of 9.76 mg/L . Because
theUCL estimateissignificantly higherthan5.0mg/L, the
concentrations of SPLP lead in the treated soil indicate
that the treated soil may leach small amounts of lead. In
fact, the mean concentrations of SPLP lead in the treated
soils from the inactive pottery factory appear to be
significantly higher thanthemean concentrationsof TCLP
lead (3.3 mg/L; see Table 2-6) inthose sametreated soils.
These results are unexpected, since the TCLP generally
resultsin higher concentrations of |eachablelead thanthe
SPLP. Those differences cannot be explained without
further testing. However, the different acids used for the
TCLP and the SPLP (acetic for CLP; sulfuric and nitric
for the SPLP) may have contributed to the differences.
Further, the results of the MEP tests (in which acetic acid
isusedinitialy, followed by sulfuric and nitric acids) that
were conducted on soilsfrom theinactive pottery factory
and shown in Table 2-11 indicate that the concentrations
of lead leached from both untreated and treated soils by
sulfuricand nitric acidsaremuch higher than those shown
inTable2-31.
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Summary of Results for Objective S1

Procedure

Results

Interpretation

Trailer Park

Pottery Factory

MEP

All results met the acceptance
criteria for Sl (see Table 2-4).

Soil Rescue exhibits long-term stability, as indicated by the results

of this procedure.

Lead speciation by SEM

Results for 4 of 18 phases of
lead met the acceptance criteria
for S1, and results for one
phase did not meet the criteria.
Results for the other 13 phases
did not appear to be affected by
the treatment.

Inconclusive: Lead in
phosphates and glass appears
to increase, and lead in oxide
phases appear to decrease after
addition of Soil Rescue;
however, lead in organic matter
appears to increase.

This procedure was not
conducted on soils from this
location.

Lead speciation by sequential
extractions

Results for three of six phases
of lead at one site, and four of
six at the other site met the
acceptance criteria for S1. One
phase did not meet the criteria,
and the four other phases did
not appear to be affected by the
treatment.

Inconclusive: Soil Rescue
exhibits some long-term
stability, as indicated by the
results of this procedure. Lead
in carbonate and oxide phases
was reduced, and
exchangeable lead may have
been reduced. However,
organic lead may have been
increased, and residual lead
appeared to be unchanged.

Soil Rescue did not increase
the long-term stability, as
indicated by this procedure.
Exchangeable lead and lead in
carbonate and oxide phases
were reduced, and residual lead
may have been increased.
However, organic lead
increased.

The criterion for S1 was not

Soil Rescue did not increase
long-term stability, as indicated

Soil Rescue did not increase
long-term stability, as indicated

Eh met for either site. by the results of this procedure. | by the results of this procedure.
All results met the acceptance Soil Rescue increased long-term stability, as indicated by the
pH criteria for S1 (see Table 2-4). results of this procedure.
All results met the acceptance Soil Rescue increased long-term stability, as indicated by the
CEC? criteria for S1 (see Table 2-4). results of this procedure.

Acid neutralization capacity*

The criterion for S1 was met for
one site but was not met for the
other site.

Soil Rescue increases long-
term stability, as indicated by
the results of this procedure.

Soil Rescue did not exhibit
long-term stability, based on the
results of this procedure.

Total lead by nitric acid
digestion compared with total
lead by hydrofluoric acid
digestion

None of the results met the
acceptance criteria for Sl (see
Table 2-4).

Soil Rescue does not increase long-term stability, as indicated by

the results of this procedure.

SPLP lead

The acceptance criterion for S1
was met at one site but was not
met at the other site.

Soil Rescue increases long-
term stability, as indicated by
the results of this procedure.
However, SPLP lead
concentrations were significantly
higher in the treated soils.

Soil Rescue did not exhibit
long-term stability, based on the
results of this procedure.

Total phosphate

None of the results met the
acceptance criteria for S1 (see
Table 2-4).

Soil Rescue does not increase long-term stability, as indicated by
the results of this procedure. However, the increase in
concentrations of phosphate in treated soils is related only
indirectly to long-term stability and therefore is not as meaninful as
the findings for most of the other procedures conducted.

SPLP phosphate

None of the results met the
acceptance criteria for Objective
S1 (See Table 2-4).

Soil Rescue does not increase long-term stability, as indicated by

the results of this procedure.

Note: * These tests are considered to be qualitative, because only one sample at each site was tested by this procedure.
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Table 2-31. SPLP Lead Analytical Results for Soil

from the Inactive Pottery Factory

Experimental | Sampling | Untreated Treated
Unit Location (mg/L) (mg/L)

u 1 <0.50 8.8

] 2 <0.50 7.6

U 3 <0.50 10.7

u 4 <0.50 10.3

] 5 <0.50 10.2

U 6 n/s 8.9

U 7 n/s 7.0

U 8 n/s 6.5

U 9 n/s 9.1

Note: n/s = not sampled.

In summary, on the basis of the criterion of 5 mg/L for
SPLP lead, the long-term stability of the treated soil
appears to have been reduced at the inactive pottery
factory by the application of Soil Rescue. Theresultsfor
treated soil from thetrailer park are consistent with long-
termstability.

Phosphates

Soil Rescuecontainsphosphoryl estersusedtoformmetal
complexes. Phosphatesmay bereleased fromthe soil into
local streamsthrough stormwater runoff. Therefore, two
analytical procedures were used to evaluate whether the
phosphates in Soil Rescue could be released into the
environment. The methods are comparison of the total
phosphate concentrationsin untreated and treated soils at
bothsitesby SW 846 M ethod 9056 and comparisonsof the
concentrationsof phosphatethat |each from untreated and
treated soil when the SPLP test (SW-846 Method 1312)
isapplied (analyzingthe SPL Pextract for total phosphates
by SW-846 Method 9056).

Table 2-33 liststhe total concentrations of phosphate for
soil from the trailer park, and Table 2-34 lists the tota
concentrations of phosphates for soil from the inactive
pottery factory. The data from both sites clearly show
significant increases in the concentrations of phosphates
after the application of Soil Rescue.

Table 2-35 lists the concentrations of SPLP phosphates
for untreated and treated soils from the trailer park, and
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Table 2-32. SPLP Lead Summary Statistics for Soil
from the Inactive Pottery Factory

Statistic Data

Mean (mg/L) 8.78

Standard Deviation 1.49

95% UCL 9.76

Table 2-36 lists the concentrations of SPLP phosphates
for untreated and treated soil from the inactive pottery
factory. The data from both sites also clearly show a
significant increase in the concentrations of SPLP
phosphates after the application of Soil Rescue.

Table 2-37 displays the estimated means and 95 percent
confidence intervals for both sets of data on treated soil
from both sites. The estimated mean concentrations of
total phosphateswere 701.4 mg/kg for thetrailer park and
2,145 mg/kgfor theinactivepottery factory. Theestimated
mean concentrations of SPL P phosphates were 49.3 mg/
L and 107.7 mg/L for the trailer park and the inactive
pottery factory, respectively. On the basis of the data
obtained by conduct of analytical procedures, it appears
that phosphatesfrom the application of Soil Rescuecould
leach from the soil, a circumstance that could affect
nearby surface water.

The results of the conduct of most of the procedures
indicate that Soil Rescue appears to increase long-term
stability. However, the results of some of the procedures
suggest that Soil Rescue does not increase long-term
stability. Long-termstability of soil wasindicatedfor soils
treated by Soil Rescue at both test |ocations, as shown by
the analytical results of the MEP, pH, and CEC test
procedures. Inaddition, long-term stability of the soil was
indicated at one site, but not at the other, by analytical
resultsof thefollowingtests: | ead speciation by sequential
extraction, Eh, acid neutralization capacity, and SPLP
lead. Theanalytical resultsor testing by thel ead speciation
by SEM (conducted only on soils from the trailer park)
were mixed in that some soluble species of lead were
reduced, while the organic matter phase of lead was
increased. Lead bound to organics can be released if the
organic phaseishbiologically degraded by microbesinthe
soil. For bothlocations, long-term stability of soil wasnot
indicated for soilstreated by Soil Rescue by the results of
separate analysesfor total lead by nitric and hydrofluoric
acids (higher concentrations of total lead using the
hydrofluoric acid method woul d haveindicated long-term



Table 2-33.  Total Phosphates Analytical Results for Soil
from the Trailer Park
Experimental Sampling Untreated Treated
Unit Location (mg/kg) (mg/kg)
C Composite <13.2 235
G Composite <12.7 1,250
K Composite <124 580
L Composite <12.1 674
M Composite <115 663
N Composite <121 1,600
(0] Composite <12.2 680
Q Composite <115 781
R Composite <11.2 192
Table 2-35. SPLP Phosphates Analytical
Results for Soil from the Trailer Park
Experimental | Sampling | Untreated | Treated
Unit Location (mg/L) (mg/L)
C Composite | <1.0 30.2
G Composite | <1.0 75.5
K Composite | <1.0 53.2
L Composite | <1.0 41.3
M Composite | <1.0 40.2
N Composite | <1.0 93.7
(0] Composite | <1.0 444
Q Composite | <1.0 52.8
R Composite | <1.0 27.2
T Composite | <1.0 34.2

Table 2-34.  Total Phosphates Analytical Results for
Soil from the Inactive Pottery Factory
Experimental Sampling Untreated Treated
Unit Location (mg/kg) (mg/kg)
u 1 <12.7 2,180
U 2 <13.4 2,270
u 3 <13.0 1,950
u 4 <137 1,620
U 5 <13.5 3,530
U 6 n/s 1,730
U 7 n/s 2,340
u 8 n/s 1,550
U 9 n/s 2,110
Note: n/s = Not sampled

Table 2-36. SPLP Phosphates Analytical Results for
Soil from the Inactive Pottery Factory
Experimental Sampling Untreated Treated
Unit Location (mg/L) (mg/L)
u 1 <1.0 96.0
U 2 <1.0 101
U 3 <1.0 89.2
u 4 <1.0 62.0
U 5 <1.0 126
U 6 n/s 66.4
U 7 n/s 107
u 8 n/s 72.6
U 9 n/s 249
Note: n/s = Not sampled
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Table 2-37.  Phosphate Summary Statistics
95% Confidence
Location Data Mean Interval

Total

phosphates

(mg/kg) 701.4 (430—973)
Trailer Park

SPLP

phosphates

(mg/L) 49.3 (36-62)

Total

phosphates

(mg/kg) 2,145 (1,757—2,532)
Pottery Factory

SPLP

phosphates

(mg/L) 107.7 (71—145)

stability), total phosphates (significant increases in total
phosphates create a higher potential for environmentally
damaging releases of phosphates to surface waters), and
leachable phosphates as indicated by the SPLP.

2.4.4 Evaluation of S2

Demonstrate that the application of Soil Rescue does
not increase the public health risk of exposure to lead.

During the demonstration, it was necessary to remove
vegetation with asod cutter and to prepare the soil for the
collection of samples before and after treatment. The
activitiesgenerated dust that wasmonitored withreal-time
devices. Air sampling deviceswere used to determinethe
total concentrationsof leadinthedust. Accomplishment of
S2 wasevaluated by collecting air samplesthroughfilters
during tilling operations and calcul ating the exposure to
lead on the basis of total lead content of the air sampling
filters and the length of exposure. The concentration of
lead was determined by the nitric acid digestion method
described in Section 2.3.1. The exposure calculated was
compared with NAAQS for lead, which currently is 1.5
pum/mé of air, averaged over aperiod of three consecutive
months. Table 2-38 lists the exposures cal culated for the
worker during the demonstration.

The only sampleresult in the detectablerange, 24 mg/m?,
occurred on September 25, 1998, on the east areasample.
The tilling activity at this plot and the corresponding
sampling period were5 minutesin duration. Thesevalues
extrapolate to aconcentration of 9.3 x 10-4 mg/m?® over a
3-month period, whichislower thantheNAAQSstandard.
Assuming that the concentration was to remain constant
during extended remediation activities; however, the

41

NAAQSstandard would beexceeded after approximately
135hours. Theapplication of Soil Rescuedoesnot appear
to create a significant quantity of dust; however, air
monitoring was not conducted during that activity. Ifitis
determined that it is necessary to remove the soil or use
other techniques that may generate dust, air monitoring
with real-timedevices correl ated to actual concentrations
of leadintheair (for example, high-volumeair samplers)
and, if appropriate, dust suppression measures should be
employed.

2.4.5 Evaluation of Objective S3

Document baseline geophysical and chemical
conditions of the soil before the addition of Soil
Rescue.

Soil samplescollected fromthelocationsat thetrailer park
andtheinactivepottery factory at whichthedemonstration
was conducted were analyzed to determine the soil
classification and to determine whether VOCs, SVOCs,
or oil and grease were present in the soils.

One soil samplefrom each of the demonstration siteswas
analyzed by ASTM Method D 2487-93, Standard
Classification of Soils for Engineering Purposes, to
determinethesoil classification. Thesoil typefor bothsites
hasbeenidentified assandy silt, anorganicclay havinglow
plasticlimitsand liquid limits of lessthan 50 percent.

The results of analysis for VOCs did not indicate the
presence of any VOCs in the soils at either site. The
analysisfor SV OCsindicated the presenceof thefollowing
SVOCs in the soils at the inactive pottery factory:
benzo(a)anthracene (0.82 mg/kg), benzo(b)fluoranthene
(0.91 mg/kg), benzo(k)fluoranthene (0.77 mg/kg),
benzo(a)pyrene (0.69 mg/kg), chrysene (1.0 mg/kg),
fluoranthene (1.9 mg/kg), and pyrene (1.9 mg/kg). Those
SVOCstypicaly are found in crude ail, fuel ail, or used
motor oil. The soil in that areadid show signs of staining
that may have been the result of the disposal of a small
guantity of waste oil. On the basis of the concentrations
detected and the current state regulations governing
petroleum releases, it does not appear that the SVOCs
present at the site require remediation. The technology
developer indicated that the SVOC would not interfere
with Soil Rescue. The analytical resultsfor the soil at the
inactive pottery factory indicated that oil and greasewere
present at aconcentration of 3,680 mg/kg. Theanalytical
resultsfor thesoil at thetrailer park did not indi catethat oil
and grease were present.



Table 2-38.  Air Monitoring Results

Area Date Time Sampled (minutes) | Flow Rate (L/minute) | Air Volume (L) Lead Concentration
Area Sample Southwest | 9/22/98 5 10 50.0 <4.0 p g/m?
Area Sample East 9/22/98 5 10 50.0 <4.0p g/m?
Area Sample Northeast 9/22/98 5 10 50.0 <4.0 p g/m?
Area Sample North 9/22/98 5 10 50.0 <4.0 p g/m?
Area Sample Southwest | 9/25/98 5 10 50.0 <4.0 p g/md
Area Sample East 9/25/98 5 10 50.0 24 p g/m?
Area Sample Northeast 9/25/98 5 10 50.0 <4.0 p g/md
Area Sample North 9/25/98 5 10 50.0 <4.0 p g/m?
Notes: 4 g/m® = Micrograms per cubic meter of air

Thesoil humusfractions(humicacidandfulvicacid) were
determined from untreated samples collected from both
sites. Humusin soilscontributesligandsthat can bindwith
the lead. These concentrations can be used to evaluate
whether the humusis contributing to the concentration of
thelead speciesboundtoorganicfractions. Thatinformation
isimportant when atechnology uses humic acidsto bind
thelead. However, since Soil Rescue does not use humic
acidsto bind thelead, the concentration of humic acidsis
provided only asadescription of the organic matter inthe
soil. Theconcentrationof humicacidinthesoil at thetrailer
park was 2,400 mg/L , and theconcentration of humicacid
inthe soil at theinactive pottery factory was 1,400 mg/L.
Theconcentrationof fulvicacidinthesoil at thetrailer park
was 600 mg/L, and the concentration of fulvic acid at the
inactive pottery factory was less than 500 mg/L.

2.4.6 Evaluation of Objective S4

Document the operating and design parameters of
Soil Rescue.

On the basis of information obtained through the SITE
evaluation from Star Organicsand from other sources, an
economic analysis examined 12 cost categories for a
scenario in which Soil Rescue was applied at full scaleto
treat soil contaminated with lead at a Superfund site. For
the cost estimate, it was assumed that the site was one
acrein size and that the treatment was applied to a depth
of 6inches, or approximately 807 cubic yardsof soil. The
estimate assumed that the soil characteristics and lead
concentrations of lead at the site were the same as those
encountered during the CRPAC evaluation. With those
assumptions, thetotal costswere estimated to be $32,500
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per acre or $40.27 per yd®. Costs for application of Soil
Rescue may vary significantly from that estimate,
depending on site-specific factors.

2.5 QUALITY CONTROL RESULTS

Theoverall quality assurance(QA) objectivefortheSITE
program demonstration, as set forth in the QAPP, wasto
produce well-documented data of known quality as
measured by the precision, accuracy, completeness,
representativeness, and comparability of thedata, and the
conformance of the datato the project-required detection
limits (PRDL) for the analytical methods. Specific QA
objectives were established as benchmarks by which
each of thecriteriawasto be evaluated. Section 3.0 of the
QAPP presented the QA objectives for the critical
parameters.

This section discusses the quality control (QC) datawith
respect to the QA objective of the project for critical
parameters. The results, and those for noncritical
parameters, can befoundintheunpublished TER for this
SITE demonstration (Tetra Tech 2001). The TER is
available upon request from the EPA work assignment
manager (see Section 1.4 for contact information).

QA objectives for laboratory anaysis of the critical
parameter bioavailable lead were evaluated on the basis
of analytical resultsfrommatrix spikesamplesand matrix
spike duplicate samples (MS/MSD), blank spikes,
laboratory control samples (LCS), reagent blanks, bottle
blanks, andcdlibrationcriteria. QA objectivesfor laboratory
analysisof thecritical parameter TCL Pleadwereeva uated
on the basis of MS/MSDs, LCS/LCSD, and method



blanks. Table 7-1 of the QAPP summarizes the internal
acceptance criteriafor laboratory QC samples, aswell as
corrective action procedures for the demonstration.

2.5.1 Completeness

The QA objective for data completeness specified by the
QAPP is that 100 percent of all planned measurements
will beobtained and will bevalid. Asdiscussedin Section
3.1, SITE program personnel did not collect an equipment
and field blank during the sampling of treated soil for
analysis for bioavailable lead. Analytical results for the
equipment and field blanks for untreated soils and
subsequent long-term monitoring blanks did not indicate
cross-contamination as a result of sample collection or
shipping procedures. Therefore, the deviation should not
affectoverall dataquality. All thesoil samplesspecifiedin
the QAPP for TCLP lead analysis were collected and
analyzed. All sampleswere analyzed within the holding
times specified in the QAPP, and all the TCLP lead data
wereconsideredusable. Therefore, thecritical parameters
of bioavailable and TCLP lead data are considered 100
percent complete.

2.5.2 Comparability and Project-Required
Detection Limits

On the basis of consistent implementation of areference
method, dataon critical parameters(bioavailablelead and
TCLPlead) for samples of untreated and treated soil are
considered to be comparable. As specified by the QAPP,
the University of Colorado used the SBRC's, SIVM to
analyze soil samplesfor bioavailablelead, and Quanterra
used SW-846 Method 1311 (EPA 1996) to analyze soil
samples for concentrations of TCLP lead. The PRDLSs
specified in Table 3-1 of the QAPP were achieved for al
samples collected during the demonstration.

2.5.3 Accuracy and Precision

Accomplishment of QA objectives for accuracy and
precisionwereeval uated onthebasisof MS/M SD percent
recoveriesandrel ativepercent differences(RPD). Percent
recovery and RPD valuesfor LCS/LCSD and blank spike
(BS) samples also supported QA objectivesfor accuracy
and precision.

All the assessments of precision and accuracy for the
bioavailablelead data, includingthe RPD of theduplicates
and the percent recoveries of the MS and BS analyses,
werewithinthelimitsspecifiedinthe QA PP. Concentration
levelsfor spiking met thecriteriaspecifiedinthe QAPPfor
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al analyses. Appendix B presents the QC data for the
critical and noncritical parameters.

One TCLPlead MS/MSD sample had a percent recovery
of 124 percent, whichisoutsidetheacceptabl erangeof 80
to 120 percent. The batch of samples for whichthe MY/
M SD analysiswasperformedwereal | samplesof untreated
soil. Therefore, the deviation should have no effect on the
overall quality of thedatafor the demonstration. Thedata
on untreated soil are not used to determine whether the
technology can meet objective P1, whichisto reducethe
TCLPlead concentrationtoalevel lower thanthea ternative
UTSleadin soil of 7.5mg/L. The percent recovery of the
LCS/LCSDswereall withintheacceptablerangeof 80to
120 percent. All the RPDs for the MS/MSD and LCY
LCSD samples were less than 20 percent and therefore
were acceptable.

2.5.4 Representativeness

TheUniversity of Coloradoanalyzed method blank samples
for bioavailable lead to confirm the representativeness of
the data on bioavailablelead by determining whether any
lead might have been introduced during preparation and
analysis of the samples. The levels of lead in the method
blank samples did not exceed the criteria set forth in the
QAPPfor method blanks, whichis25pug/L . Therefore, the
method blank analyses do not indicate that laboratory
contaminationintroduced detectabl econcentrationsof the
critical parameter bioavailableleadintoany of thesamples,
and the reported concentrations of the critical parameter
biocavailable lead appear to be representative of actual
concentrations in the soil samples, as indicated by the
available QC data.

Quanterraanalyzed method blank samplesfor TCLPlead
to confirm the representativeness of the TCLP lead data
by determining whether any lead might have been
introduced during sample preparation and analysis of the
samples. Quanterradid not detect any TCLP lead in any
of the method blanks at levels higher than the PRDL of
0.50 mg/L. Therefore, the method blank analyses do not
indicatethat laboratory contaminationintroduced detectable
concentrations of the critical parameter TCLP lead into
any of the samples, and thereported concentrations of the
parameter TCLP lead appear to be representative of
actual concentrationsin the soil samples, asindicated by
the available QC data.

Tetra Tech prepared equipment blank samples and field
blank samplesto determine whether any lead might have
been introduced by sample collection, handling, and



packaging procedures. Section 2.5.1 of the TER
summarizesthe blank sample preparation technigues. No
lead was detected in any of the blank samples at levels
higher than the PRDL of 100 ug/L.

TheUniversity of Colorado analyzed theequi pment blank
andfieldblank samplesfor bioavailableleadto confirmthe
representativeness of the data on bioavailable lead by
determining whether any bioavailable lead might have
been introduced during sample collection, handling, and
packaging. The University of Colorado did not detect any
biocavailablelead in any of the equipment and field blanks
atlevelshigher thanthe PRDL of 100 ug/L. Therefore, the
resultsof analysisof theequipment andfield blanksdo not
indicate that sample collection, handling and packaging

44

procedures introduced detectable concentrations of the
critical parameter bioavailableleadintoany of thesamples.

Quanterra analyzed the equipment blank and field blank
samplesfor TCLPlead to confirm the representativeness
of the TCLP lead data by determining whether any lead
might have been introduced during sample collection,
handling and packaging. Quanterra did not detect any
TCLP lead in any of the equipment and field blanks at
levelshigher thanthe PRDL of 0.50 mg/L. Therefore, the
analysisof equipment andfield blanksdo notindicatethat
sample collection, handling and packaging procedures
introduced detectable concentrations of the critical
parameter TCLP lead into any of the samples.
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